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Table 1-1. Specifications 



I 

I I 



1 . 

Input: 


105-125 vac, 57 to 63 cps, single phase, 
17 amperes, 1200 watts max. 


iUtED OUTPUT: 

! " , 'i 

1 ' i . 


Constant Voltage: 0 to 18 vdc 
Constant Current: 0 to 45 amperes dc 


! 1 

lllNE REGULATION: 

1 ,, . 1 

' 1 

1 

1 ^ 

! 


Constant Voltage: Less than 18 mv for 
1 , 105-125 vac input change. 

Constant Current: Less than 450 ma for 
105-125 vac input change. 


LOAD REGULATION: 

1 

1 ■ 1 ' 


Constant Voltage: Less than 36 mv for 0 
to 45 ampere load change. 

Constant Current: Less than 450 ma for 0 
to 18 vdc load change. 


RIPPLE AND NOISE: 


36 mvrms j 


OPERATING TEMPERATURE RANGE: 


o°C to 50°C 


STORAGE TEMPERATURE RANGE: 


-20OC to 71°C 

1. 


TEMPERATURE COEFFICIENT: 


Constant Voltage: 0.05?{: plus 4 mv per 
degree centigrade. 

Constant Current: 135 ma per degree 
centigrade. 


OUTPUT STABILITY: 

(after 30, -minute warm-up) 


Constant Voltage: 0.15'/ plus 12 mv for i 
hours at constant temperature. 

Constant Current: 450 ma for B hours at 
constant temperature. 


REMOTE PROGRAMMING; 


Constant Voltage: 200 ohms per volt *1% 
Constant Current: 5 ohms per ampere *10% 


TYPICAL OUTPUT IMPEDANCE: 


Less than 0.002 ohm from dc to 0.5 cps 
Less than 0.2 ohm from 0.5 cps to 100 cps 
Less than 0.1 ohm from 100 cps to Ike 
Less than 0.6 ohm from Ike to 100 kc 


OUTPUT INDUCTANCE: 

' 1 

■ / 


1 . 0 microhenry 





Table 1-1. Specifications (cont.), 



TRANSIENT RECOVERV TIME: In constant voltage operation, less than 

300 milliseconds is required for output 
voltage recove y to within 180 millivolts 
of the nominal output voltage following a 
load change equal to one half the maximum 
current rating of the power supply. 

Nominal output voltage is defined as the 
mean between the no-load and full-load 
voltages. The transient amplitude is less | 
than 0.15 volt per ampere for any load 
change between 20% and 100% of rated 
output current. (Excluding the initial spike 
of approximately 100 microseconds dura- 
tion which is significant only for load rise 
times faster than 0.5 ampere' per micro- 
second.) 



SIZE AND WEIGHT: 


Height 


Width 


Depth 


Weight 




5-1/4 in. 


19 in. 


16-3/4 in. 


67 lb. 



FINISH: Light gray front panel with dark gray case. 





Figure 1-1 . Model 642RB DC Power Supply. 
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SECTION 1 



GENERAL INFORMATION 



1-1. DESCRIPTION 
1-2. GENERAL 

1-3. The H-Lab Model 6428A DC Power Supply (fiy. 1-1) is a completely solid- 
state, compact, well-regulated, constant voltage/constant current dc power supply 
suitable for either bench or relay rack operation. Input power is connected to a 
terminal strip at the rear of the power supply. The output is continuously variable 
between 0 and 18 vdc. and between 0 and 45 amperes. Detailed specifications are 
given in table 1-1 . 

1-4 . OVERLOAD PROTECTION 

1-5. A crossover feature protects both power supply and load in co-istant voltage 
operation. Automatic crossover circuitry switches the power supply from constant 
voltage to constant current operation if the output current exceeds a preset limit. 
This crossover circuitry also protects the load from ovei voltage during constant 
current operation by automatically switching the power s'“oply into constant voltage 
operation. The user can adjust the crossover point via the front panel controls 
(paja. 3-8 and 3-9). 

1-6. The power supply is protected from reverse voltage (positive voltage applied 
to negative terminal) by a diode that shunts current across the output terminals 
when this condition exists. The ac input components are protected by a dual 
circuit breaker in the ac input line. This circuit breaker is located on the front 
panel and serves as the on/off switch. 

1-7. COOLING 

1-8. A fan is used to blow air from left to right (facing front panel) through a 
compartment containing the major heat producing elements. 

1-^. MONITORING 

1-10. Two front-panel meters are provided for monitoring output voltage and 
current. The voltmeter has a 0 to 20 volt range and the ammeter has a 0 to 50 
ampere range. Each meter has a 2% accuracy at full scale. 

1-11. OUTPUT TERMINALS 

1-12 . Output power is available via a terminal strip on the rear panel. The rear 
panel terminal strip also enables the power supply to be connected for different 
modes of operation (para. 3-3). The output terminals are isolated from the chassis 
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and either the positive or the negative tenninal may be connected to the chassis 
via a separate ground terminal located adjacent to the output terminals. The power 
supply is insulated to permit operation up to 300 vdc off ground, 

1-13. INSTRUMENT IDENTIFICATION 

1-14. Harrison Laboratories power supplies are identified by a three-part designa' 
tlon. The first part is the model number: the second part is the serial number; and 
the third part is the manufacturing code letter. This manual applies to all Model 
6428A power supplies with the same manufacturing code letter given in the title 
page. Change sheets will be supplied with the manual to make it apply to Model 
6428A power supplies with different manufacturing code letters. 



SECTION II 



INSTALLATION 

\ 



2-1. INITIAL INSPECTION 
2-2. GENERAL 

I 

2-3 . Before shipment, the power supply was inspected and found free of mechan- 
ical and electrical defects. If damage to the shipping carton is evident, ask that 
the carrier's agent be present when the power supply is unpacked. As soon as the 
power supply is unpacked, inspect it for any damage that may have occurred in 
transit. Also check the cushioning material for signs of severe stress (may be 
indication of Internal damage). Save all packing materials until the inspection is 
completed. If damage is found, proceed as instructed in the Claim for Damage In 
Shipment noLlce on the back of the front cover of this manual. 

2-A . MECHANICAL CHECK 

2-5. Check that there are no broken knobs or connectors, that the external sur- 
face is not scratched or dented, that the meter faces are not damaged, and that all 
controls move freely. Any external damage may be an indication of Internal damage. 

2-6. ELECTRICAL CHECK 

2-7. Check that the straps on the terminal strip at the rear of the power supply 
are secure and that the strapping pattern is in accord with figure 3-2. Check the 
electrical performance of the power supply as soon as possible after receipt. A 
performance check that is suitable for incoming inspection is given In paragraphs 
5-7 through 5-22. 

2-8. INSTALIATION DATA 

2-9. GENERAL 

2-10. The power supply Is shipped ready for bench or relay rack (19 inch) 
operation. 

2-11. LOCATION 

2-12. Because the power supply is forced-air (fan) cooled, the air intake and 
outlet vents on the sides of I'ue chassis must not bo obstnicted. The power supply 
should be located in an area where the ambient temperature does not exceed SO^C. 
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POWER REQUIREMENTS 



2-14. The power supply is operated from a 105 to 125 volt (115 volts nominal). 

57 to 63 cps, single phase power source. At 115 volts, 60 cps, the full load re- 
quirement Is 1200 watts at 16 amperes. ' 

2-15. POWER CABLE 

2-16. To protect operating personnel, the National Electrical Manufacturers 
Association (NEMA) recommends "that the instrument panel and cabinet be grounded. 
This instrument should be used with a three-conductor power cable that has #12 
AWG wire. The third conductor is the ground conductor and when the cable is 
plugged into an appropriate receptacle, the instrument is grounded. The offset pin 
on the power cable three-prong connector is the ground connection. 

2-17. To preserve the protection feature when operating the Instrument from a two- 
contact outlet, use a three-prong to two-prong adaptor and connect the green lead 
on the adaptot to ground. 

2-18. REPACKAGING FOR SHIPMENT 

2-19. To Insure safe shipment of the Instrument, it Is recommended that the pack- 
age designed for the instrument be used. The original packaging material is re- 
usable. If it is not available, contact your Hewlett-Packard field office for packing 
materials and information, A packing carton part number is included in the parts 
list. 

2-20. Attach a tag to the instrument which specifies the owner, model number, full 
serial number, and service required, or a brief description of the trouble. 
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SECTION III 



OPERATING INSTRUCTIONS 



3-1 . CONTROLS AND INDICATORS 

3-2. The controls and Indicators are illustrated in figure 3-1. 

3-3. OPERATION 
3-4. GENERAL 

3-5. The power supply is designed so that its mode of operation can be selected 
by making strapping connections between particular terminals on the terminal strip 
at the rear of the power supply. The terminal designations are stenciled in white on 
the power supply and are adjacent to their respective terminals. The strapping 
patterns illustrated in this section show neither terminal grounded. The operator 
can ground either terminal or operate’ the powiW supply up to 300 vdc off ground 
(floating) . The ac input power is connected t^ the AC. ACC, and GND terminals at 
the rear of the power supply. 

3-6. NORMAL ' I 

I 

3-7. GENERAL. The power supply is normallly shipped with its rear terminal 
strapping connections arranged for constant yoltage/constarit current, local sens- 
ing, local programming, single unit mode of operation. This strapping pattern is 
illustrated in figure 3-2. The operator selects either a constant voltage or a 
constant current output using the front panel controls (local programming, no strap- 
ping changes ore necessary) 

1 ■ I 

3-0. CONSTANT VOLTAGE. To select a constant voltage output, proceed as 
follows: 

a. Turn-on power supply and adjust VOLTAGE controls for desired output 
voltage (output terminals open). 

b. Short output terminals and adjust CURRENT controls for maximum output 
curreiit allowable (current limit), r". determined by load conditions. If a load change 
causes the current limit to be exceeded, the power supply will automatically cross- 
over to constant current output at the preset current limit and the output voltage will 
drop proportionately. In setting the current limit, allowance must be made for high 
peak currents which can cause unwanted cross-over (refer to para. 3-40). 

3-9. CONSTANT CURRENT. To select a constant current output, proceed as 
follows; 

a. Short output terminals and adjust CURRENT controls for desired output 

current. 
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b. Open output terminals and adjust VOLTAGE controls for maximum output 
voltage allowable (voltage limit), as determined by load conditions. If a load 
change causes the voltage limit to be exceeded, the power supply will automatical- 
ly crossover to constant' voltage output at the preset voltage limit and the output 
current will drop proportionately. In setting the voltage limit, allowance must be 
made for high peak voltages which can cause unwanted crossover. (Refer to 
para. 3-40.) 

3-10. CONNECTING LOAD 

3-11. Two pair's of output terminals are provided on the terminal strip at the left 
rear side (facing rear) of the power supply. Either pair of terminals or both may be 
used. The terminals are "-laiked + and -. A separate ground terminal is located 
adjacent to the output termin U', The positive or negative output terminal may be 
grounded, or neither grounded (floating operatiorc pennltted to 300 vdc off ground). 

1 

3-12. Each load should be connected to the power supply output terminals using 
separate pairs of connecting wires. This will minimize mutual coupling effects 
between loads and will retain full odvantage of the low output Impedance of the 
power supply. Each pair of connecting wires should be as, short as possible and 
twisted or shielded to reduce noise pickup, (If shield is used, connect one end to 
power supply ground terminal, and leave thu other end unconnected.) 

3-13. If load consider liions require that the output power distribution terminals 
be remotely located iron the power supply, then the power supply output terminals 
should be connected to the remote distribution terminals via a pair of twisted or 
shielded wires and each load separately connected to the remote distribution 
terminals. For this case, remote sensing should be used (para. 3-14). 

, NOTE 

It is recommended that the voltage drop in the con- 
riecting wires not exceed 2 volts. If a larger drop 
must be tolerated, please consult a Hewlett-Packard 
field ''epresentative. 

3-14. REMOTE SENSING 

3-15. Remote sensing is used to ameliorate the degradation of regulation which 
will occur at the load when the voltage drop in the connecting wires is appreciable. 
The use of remote distribution terminals (para. 3-13) is an example whore remote 
sensing may be required. Due to the voltage drop in the load loads, it may be 
necessary to slightly increase the current limit in constant voltage operation. 
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CAUTION 



, Turn-off power supply before rearranging strap- 
ping pattern at the power supply rear terminal 
strip. If the -S terminal is opened while the 
power supply is on, the output voltage and cur- 
rent may exceed their maximum ratings and re- 
sult in damage to the load. The power supply 
v/111 not be damaged. 



3-16. Proceed as follows: 

a. Turn-off pov/er supply and arrange rear terminal strapping pattern as 
shown in figure 3-3. The sensing wires will carry less than 10 ma and need not be 
as heavy as the load wires. It is recommended that sensing and load wires be 
twisted and shielded. (If shield is used, connect one end to power supply negative 
terminal and leave the other end unconnected.) 



CAUTION 

Observe polarity when connecting the sensing 
leads to the load. 



b. In order to maintain low ac output Impedance, a capacitor with a mini- 
mum rating of 20, OOOji'fd and 25 vdcw should be connected across the load using 
short leads. This capacitor must have high-frequency characteristics as good or 
better than Cl 7 has (see parts list) . 

c. Tum-on power supply . . ' ' 

. r 

3-17.. REMOTE PROGfU^MMING. 

i I 

3-18. GENERAL. The constant voltage and constant current outputs may be pro- 
grammed (controlled) from a remote location. The front-panel controls are disabled 
in the following instructions. Changes in the rear terminal strapping arrangement 
are necessary. The wires connecting the programming terminals of the power supply 
to the remote programming device should be twisted or shielded to reduce noise 
pick-up. (if shield is used, connect one'-end to power supply ground terminal and 
leave the other end unconnected.) Remote sensing (para. 3-14) may be used simul- 
taneously with remote programming. Flowever, the strapping patterns shown in 
figures 3-4, 3-5, and 3-6 employ only local sensing and do not show the load 
connections . 
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CAUTION 



Turn-off power supply before rearranging strap- 
ping pattern at the power supply rear terminal 
strip. If the current programming terminals are 
opened while the power supply is on, the out- 
put current will exceed its maximum rating and 
may result in damage to the load. The power 
supply will not be damaged. The constant volt- 
age programming terminals have a zener diode 
connected internally across them to limit the 
programming voltage and thus prevent excessive 
output voltage. 



3-19. CONSTANT VOLTAGE. In the constant voltage mode of operation, either a 
resistance or voltage source can be used for remote programming. For resistance 
programming, the programming coefficient (fixed by the programming current) is 
200 ohms per volt (output voltage Increases 1 volt for each 200 ohms in series with 
programming terminals). The programming current is adjusted to within 1% of 5 ma 
at the factory. If greater programming accuracy is required, change R39 (shunt). 

The programming resistance should be a stable, low noise, low-temperature (less 
than 30 ppm per ®C) resistor with a power rating at least 10 times its actual dissi- 
pation. 

3-20. The output voltage of the power supply should be 0 +20 mv, -100 mv when 
the programming resistance is zero ohms. This tolerance can be improved by chang- 
ing R6. For further Information on Improving this tolerance, refer to paraguph 5-63 
and to H-Lab Tech Letter #1 . 

3-21 . If the resistance programming device is controlled by a switch, make-before- 
break contacts should be used In order to avoid momentary opening of the progrn.n- 
ming terminals. To connect the remote programming resistance, arrange rear 
terminal strapping pattern as shown in figure 3-4. The front-panel VOLTAGE 
controls are disabled when the strap between A6 and A7 is removed. 

3-22. If a voltage source is used as the remote programming device, the output 
voltage of the power supply will vary in a 1 to 1 ratio with the programming voltage. 
The load on the voltage source will not exceed 25 microamperes. To connect the 
programming voltage, arrange rear terminal strapping pattern as shown in figure 3-5. 

3-23. CONSTANT CURRENT. In constant current operation, resistance program- 
ming is used. The resistance programming coefficient (fixed by the programming 
current) is 5 ohms per ampere (output current increases 1 ampere for each 5 ohms 
in series with programming terminals). The programming current is adjusted to 
within approximately 10% of 2 rnn at the factory. If greater programming accuracy 
is required, change R41 (shunt). The programming resistance should bo a stable, 
low noise, low-temperature (less than 30 ppm per *^0 resistor with a power rating 
at least 10 times its actual dissipation. 
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3-Z4. The output current of the power supply should be 0 +100 ma, -450 ma when 
the programming resistance Is zero ohms. This tolerance can be improved by chang- 
ing R20. For further Information on Improving this tolerance, refer to paragraph 
5-67 and to H-Lab Tech Letter #1 . 

3-25. If the reslstan' 2 programming device Is controlled by a switch, make- 
before-break contacts shf>\ild be used to avoid momentary opening of the program- 
ming terminals. To connect the remote programming resistance, arrange rear termin- 
al strapping as shown in figure 3-6. The front-panel CURRENT controls are disabled 
when the strap between A1 and A2 is removed. 

3-26. PARALLEL 

3-27. GENERAL. Two or more power supplies can be connected in parallel to 
obtain a total output current greater than that available from one power supply. 

The total output current is the sum of the output currents of the individual power 
supplies. Bach power supply can be turned-on or off separately. Remote sensing 
(para. 3-14) and programming (para. 3-17) can be used; however, the strapping 
patterns shown In figures 3-7 and 3-8 employ only local sensing and programming. 

3-^8. NORMAL. The strapping pattern for normal parallel operation of two power 
supplies is shown in figure 3-7. The output current controls of each power supply 
can be separately set. The output voltage controls of one power supply (master) 
should be set to the desired output voltage; the other power supply (slave) should 
be set for a slightly larger output voltage. The master will act ns a constant 
voltage source; the slave will act as a constant current source, dropping Us output 
voltage to equal the master's. 

3-29. AUTO- PARALLEL. The strapping patterns for auto-parallel operation of two 
and three power supplies are shown in figures 3-8A and B, respectively. Auto- 
parallel operation permits equal current sharing under all load conditions, and 
allows complete control of output current from one master power supply. The output 
current of each slave is approximately equal to the master's. Because the output 
current controls of each slave is operative, they should be set to maximum to avoid 
having the slave revert to constant current operation: this would occur if the master 
output current setting exceeded the slave's, 

3-30. SERIES 

3-31. ' GENERAL. Two or more power supplies can be comsected in series to obtain 
a total output voltage higher than that available from one power supply. The total 
output voltage is the sum of the output voltages of the individual power supplies. 

A single load con be connected across the series-connected power supplies or a 
separate load can be connected across each power supply. The power supply has 
a reverse polarity diode connected internally across the output terminals to protect 
the power supply against reverse polarity voltage if the load is short-circuited or 
if one power supply is turned off while its series partners are on. 
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3-32. The output current controls of each power supply are operative and the cur- 
rent limit is equal to the lowest control setting. If any output current controls are 
set too low with respect to the total output voltage, the series power supplies v»ill 
automatically crossover to constant current operation and the output voltage will 
drop. Remote sensing (para. 3-14) and programming (para. 3-17) can be used; 
however, the strapping patterns shown in figures 3-9 and 3-10 employ only local 
sensing and programming. 

3-33, NORMAL, The strapping pattern fo-^ normal series operation of two power 
supplies is shown in figure 3-9. The output voltage controls of each power supply 
must be adjusted to obtain the total output voltage. 

3-34. AUTO-SERIES. The strapping patterns for auto-series operation of two and 
three power supplies are shown in figures 3-lOA and B, respectively. Auto-series 
operation permits control of the output voltage of several power supplies (slaves) 
from one master power supply. The master must be the most negative power supply 
of the series. To obtain positive and negative voltages, the + terminal of the mas- 
ter may be grounded. For a given position of the slave output voltage controls, the 
total output, voltage is determined by the master output voltage controls. The output 
voltage controls of a slave determines the percentage of the total output voltage 
that the slave will contribute. Turn-on and turn-off of the series Is controlled by 
the master. In order to maintain the temperature coefficient and stability specifica- 
tions of the power supply, the external resistors shown in figures 3-TOA and B, 
should be stable, low-noise, low-temperature (less than 30 ppm per °C) resistors. 
The value of these resistors is determined by multiplying the output voltage of the 
applicable slave by the programming coefficient (200 ohms/volt) . 

3-35. AUTO-TRACKING 

3-36. The strapping patterns for auto-tracking operation of two and three power 
supplies are shown in figures 3-1 lA and B, respectively. Automatic tracking 
operation permits the output voltages of two or more power supplies to be referenc- 
ed to a common buss; one of the power supplies (master) controls the magnitude of 
the output voltage of the others (slaves) for a given position of the slave output 
voltage controls. The master must be the most negative power supply in the group. 
The output voltage of a slave is a percentage of the master output voltage. The 
output voltage controls of a slave determines this percentage. Turn-on and turn- 
off of the power supplies is controlled by the master. Remote sensing (para. 3-14) 
and programming (para. 3-17) can be used; however, the strapping patterns shown 
in figure 3-4 employ only local sensing and programming. 

3-37. The valueiof the external resistors shown in figure 3-11 is determined by 
dividing the voltage difference between the master and the applicable slave by the 
programming current (nominally 5 ma; refer to para. 3-19). Finer adjustment of the 
slave output voltage can be accomplished using the slave output voltage controls. 

In order to maintain the temperature coefficient and stability specifications of the 
power supply, the external resistors should be stable, low-noise, low-temperature 
(less than 30 ppm per ^C) resistors. ’ 
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OPERATING CONSIDERATIONS 



3-38. 



3-39. PULSE LOADING 

3-40. The power supply will automatically cross over from constant voltage to 
constant current operation, or the reverse,, in respone to an Increase (over the 
preset limit) in the output current or voltage, respectively. Mthough the preset 
limit may be set higher than the average output current or voltage^ high peak 
I currents or voltages (as occui n pulse loading) may exceed the preset limit and 

cause crossover to occur. To avoid this unwanted crossover, ♦he preset limit must, 
be set for the peak requirement and not the average. 

3-41. OUTPUT CAPACITANCE ' 

I f 

I , I 

) ' 

3-42. There are capacitors (internal) across the output terminals of the power 
supply. These capacitors help to supply high-current pulses of short duration 
during constant voltage operation. Any capacitance added externally will Improve 
the pulse current capability, but will decrease the safety provided by the constant 
current circuit. A high-current pulse may damage lead components before the 
average output current is large enough to cause the constant current cLcuit to 
operate. i 

3-43. The effects of the output capacitors dtiring constant current operation are 
as follows: 

, ■) 

a. The output impedance of the power supply decreases with increasing 
frequency. ' > 



b. The rise time of the output voltage is inc: eased . 

c. A large surge current causing a high power dissipation in the load occurs 
when the load impedance is reduced rapidly. ' 

3-44 . NEGATIVE VOLTAGE LOADING 

3-45. A diode is connected across the output terminals. Under normal operating 
conditions, the diode Is reverse biased (anode connected to negative terminal). If 
a negative voltage Is applied to the output terminals (positive voltage applied to 
negative terminal), the diode will conduct, shunting currerit across the output ter- 
minals and limiting the voltage to the forward voltage drop of the dlod^. This diode 
protects the filter and output electrolytic capacitors . 

3-46 . NEGATIVE CURRENT LOADING 

3-47. Certain types of loads may cause current to flow into the power supply in the 
direction opposite to the output current. If the reverse current exceeds 0.6 ampere, 
preloading will be necessary. For example: if the load delivers 1 ampere to the 
power supply with the power supply output voltage at 18 vdc, a resistor equal to 
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18 ohms (18v/la) should be connected across the output terminals. Thus, the 
18 ohm resistor shunts the reverse current across the power supply. For more 
information on preloading, refer to paragraph C4 In the H-Lab Application Manual. 



Figure 3-2. 

Normal Strapping Pattern 
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Remote Resistance Programming 
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Remote Voltage Programming 
(Constant Current) 
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Remote Resistance Programming' 
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Normal Parallel Operation 
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Auto -Tracking Operation 













FIGURE 4-1 BLOCK DIAGRAM 












SECTION IV 



PRINCIPLES OF OPERATION 



4-1 . BLOCK DIAGRAM DESCRIPTION (See figure 4-1 .} 

1 

i 

4-2 ► The main power transj^o»Tner isolates the ac Input from the power supply and 
reduces it to the voltage leyel rec^ireli. Rectification and filtering produces a 
smoothed dc output across the - and + terminals. A large capacitor (Cq) is connect- 
ed across the - and + terminals for low ac output impedance and to help supply large 
pulse currents. An SCR regulator controls the ac Input to provide good regulation 
of the dc output. The auxiliary power transformer powers the SCR regulator control' 
circuit and the bias and reference circuit which produces dc bias and reference 
voltages for the power supply. 

4-3, The SCR regulator is controlled by the SCR regulator control circuit which 
operates in response to signals developed by the voltage or current input circuit. 

A gating circuit assures that only one input circuit is used at a time, 

4-4, The voltage and current Input circuits operate In a similar manner. Each 
circuit has a differential amplifier that amplifies an error voltage that is proportion-' 
al to the difference between the actual output and the programmed output. The 
programmed output Is determined by the resistance of the programming resistors 
(voltage and current controls) . Bach programming resistor has a constant current 
through it which is maintained by the bias and reference circuit. 

4-5. The voltage input circuit differential amplifier detects the error voltage 
that is proportional to the difference between the voltage across its programming 
resistors (R2-R8) and the dc output voltage. The error voltage is amplified and 
passed through the gating circuit to the SCR regulator control which triggers the 
SCR regulator. The SCR regulator increases or decreases the ac input voltage to 
the main power transformer as required to maintain a constant load voltage that Is 
equal to the programmed voltage. In constant voltage operation, the gating circuit 
is biased to inhibit the input from the current input circuit. 

4-6. The current input circuit differential amnllfier detects the error voltage that 
is proportional to the difference between the voltage across its programming 
resistors, (R9-R10) and the voltage across current monitoring resistor R23. The 
voltage across R23 Is proportional to the load current. The SCR regulator responds 
to the amplified error voltage by increasing or decreasing the ac input current to 
the main power transformers as required to maintain a constant load current. In 
constant current operation, the gating circuit is biased to Inhibit the input from the 
voltage input circuit, 

4-7, To prevent overvoltage and excessive surge current when the power supply 
is tumed-on, the oirn-on circuit establishes Initial conditions in the gating circuit. 
The turn-on circuit is activated by the bias and reference circuit when the power 
supply is turned -off. 
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4-8.; ►. A voltmetel-iis connected across the - and + terminals to monitor the output 
voltage. An ammeter is connected across current monitoring resistor R23 to monitor 
the output gurrent (proportional to voltage across R23). 

, ' ' I I 

, 4-9. , CIRCUIT DESCRIPTION (See figure 4-2 at back of manual.) 

4-10. AC INPUT 

4-11. The 105-125 vac. 57-63 cps, single phase input is applied through circuit 
breaker CBl to transformer T2 and to the series combination of transformer T1 and 
SCR's CR17 and CR18 which are in parallel opposition. The SCR's are used to regu- 
late'the dc output by controlling the average value of the ac input to transformer Tl. 
Capacitors Cll and C12 smooth transients to prevent the SCR*s from being triggered 
by a rapidly changing voltage from anode to cathode. Resistor R21 damps oscilla- 
tions that may occur due to resonance of C12 and the leakage inductance of Tl. 

The leakage inductance of Tl limits the peak input current. The fan is also 
energized by the ac input. 

4-12. DC OUTPUT 

4-13. The output of the secondary of transformer Tl Is full-wa re rectified by 
bridge rectifier CR19 through CR22 and filtered by pi-section filter C13 through C17, 
and LI . Resistor R29 damps the parallel resonance of LI and Cl 7. The dc output 
Is regulated to a constant value by the SCR's in the ac input line. Capacitor C17 
is the output capacitor. Diode CR23 is connected across the filtered dc output to 
protect the power supply from reverse voltage applied to the output terminals. 
Resistor R23 is the current monitoring resistor; the full load current flows through It. 
Resistors R25 and R27 are used to calibrate the voltmeter and ammeter, respectively. 

i 

4-14. VOLTAGE INPUT 

4- i5. GENERAL. The voltage input circuit is basically a differential amplifier , 
(01-Q2) that detects any voltage difference between the programmed output voltage 
and the actual output voltage. The differential amplifier output voltage varies In 

proportion to the power supply output voltage variation. 

! 

4t16. Q2 input. Voltage divider R6-R47 maintains a slightly negative base bins 
to ensure that the output voltage can be programmed to zero. The output of Q2 Is 
emitter-coupled (resistor R4) to Q1 . 

4-17 . Q1 INPUT. There are three inputs to the base of Ql; one determined by the 
programmed voltage (voltage controls R2-R8}, the second determined by the collect- 
or voltage of Ql (negative feedback), and the third is from the positive side of the 
main rectifier. The collector current of Ql is determined by the difference between 
its base and emitter inputs. This difference is an error voltage that is proportion- 
al to the difference between the programmed output voltage and the actual output 
voltage. The negative feedback from collector to base (C4, and R17-R18 In parallel) 
improves the stability of the voltage-regulating feedback loop. 
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4-18. The input from the positive side of the main rectifier (Cl and Rl) Improves 
loop stability by making the differential amplifier insensitive to output voltage 
variations of four cps or greater. Below four cps this input is negligible. This 
input is necessary because the phase shift of the pi-section output filter begins to 
become excessive over four cps. Resistors Rl and R5 are arranged so that the four 
cps input is isolated from the negative feedback input; and so that necessary 
impedance levels are obtained looking out from the base of Ql* ,The collector out- 
put of 01 is coupled to the gating circuit. 

4-19. CLAMPING. In order to protect the differential amplifier^ the base of Q1 is 
clamped with respect to -S by diodes CRl and CR2 to prevent excessive base volt- 
age in either direction. Diode CRl clamps the base to approximately -0.7 vdc; 

CR2 and the base-emitter Junction of Q1 clamp the base to approximately +1,4 vdc. 
Zener diode VRl clamps the programming term als to prevent an excessive error 
signal that would cause excessive output voii=ige. This would occur, for example, 
if the programming terminals were opened accidentally. To prevent overshoot when 
the power supply switches from constant current to constant voltage, diodes CR9 
and CRIO clamp the collector of Ql. Resistor R30 provides a small bleed current 
for CRIO. 

4-20. CURRENT INPUT 

4-21. GENERAL. The current input circuit is basically a differential amplifier 
(Q8-Q9) that detects any current difference between the programmed output current 
(proportional to voltage across current controls) and the actual output current (pro- 
portional to voltage across current monitoring resistor R23) . The differential 
amplifier output voltage varies in proportion to the output current variation. 

4-22. Q8-Q9 INPUT. The Input to the differential amplifier (across bases of Q8- 

09) is the voltage difference across current controls R9-R10 and current monitoring 
resistor R23. Because the programming current Is constant in constant current 
operation, the voltage input to the differential amplifier varies as the load current 
through R23 (error voltage). Capacitors C6 and C24 and resistor R22 provide gain 
roll-off at high frequencies. Diode CR26 clamps the voltage (0.7 vdc) across the 
emitter-base junction of 09 and R20. This clamping action prevents excessive 
reverse base voltage in 09 when very large load current is drawn (output terminals 
shorted) . To prevent overshoot when the power supply switches from constant 
voltage to constant current operation, diodes CRIO and CR12 clamp the collector of 
08. 

4-23. 08-09 OUTPUT. Resistor R13 is the collector load for Q8. The collector 

output of 08 is coupled to the gating circuit. Voltage divider R20-R46 biases the 
base of Q9 and maintains a slightly negative base bias to ensure that the output 
current can be programmed to zero. Resistor R44 provides positive feedback to 
Improve load regulation during constant current operation. 
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4-24. 



GATING CIRCUIT 



4-25. Transistor 01 draws current from the SCR control circuit (capacitor C25). 

The magnitude of this current Is determined by either the voltage or current Input 
circuit. For constant voltage operation^ diode CR7 is forward biased to permit the 
voltage Input circuit to drive Q1; diode CRB is reverse biased to Inhibit the input 
from the current input circuit. For cbr^stant current operation, the reverse occurs, 

4-26. To prevent transients in the dc output when the power supply is turned-on, 
the turn-on of Q4 is delayed by capacitor C2 which charges through R12, R15 and 
CR5 . When C2 charges sufficiently to reverse bias CR5, all the current through R15 
flows to the base of 04 to turn it on. This base current is controlled by the voltage 
or current input circuits via CR7 or CRB, respectively. For example, during constant 
voltage operation the collector voltage of (voltage input) forward biases CR17 
(CRB reverse biased by 08), the current through CR7 will vary as Ql collector volt- 
age varies and thus vary 01 base current? therefore, the collector current of Q1 Is 
controlled by the voltage input. In a similar manner, the current input circuit 
controls the collector current of Q4 during constant current operation. 

4-27. TURN-ON CIRCUIT 

4-28, Transistor 03 provides a path for rapidly discharging C2 (in gating circuit) 
when the power supply <s turned-off. This assures that C2 is discharged if the 
power supply is turned-on shortly after turn-off. The purpose of having C2 dis- 
charged each time the power supply is turned-on is to maintain the same time delay 
in the turn-on of the gating circuit (refer to para. 4-26). 

4-29. SCR REGUIATOR CONTROL (See waveshapes on figure 4-2.) 

4-30. GENERAL. The SCR regulator control is basically a blocking oscillator (07 
and T3) that applies pulses to the SCR regulator in response to error signals detect- 
ed by the voltage or current input circuit. When transistor Q7 conducts, the pulse 
developed in winding 1-2 of trai,sformer T3 is coupled to the base of Q7 (positive 
feedback) and to the SCR regulator (CR17 and CRIB). Capacitor C27 charges in op- 
position to the feedback voltage and cuts off Q7. The charge time of C27 determines 
the pulse duration in the collector of Q7 (approximately 20 microseconds). The 35- 
vdc bias supplies current through R52, CR46. and CR44 to discharge C27 after Q7 
stops conducting . , 

4-31. GATE INPUT. Throughout the operation of the blocking oscillator, capacitor 
C25 supplies most of the collector current for Q4 in the gating circuit (refer to 
para. 4-25). The amount of current pulled from C25 by Q1 is determined by the in- 
put (from the voltage or current input circuit) to the gating circuit. As a result of 
this current flow from C25. the voltage across C25 increases negatively with re- 
spect to the 6.0-vdc bias and has a waveshape that approximates a linear ramp. 
Thus, the slope of this ramp is determined by the voltage or current input circuit. 

Due to the time delay in the feedback loop, the slope of the ramp is constant for 
a half cycle of the ac input. The voltage on C25 is the emitter bias (forward bias 
when negative) for 07 and therefore helps determine the point at which 0^ conducts. 
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4-32, INPUT. The ac input to transformer T2 is steppod-down and fuU-wave 
rectified by bridge rectifier CR39 through CR43 . The output of the bridge rectifier 
Is a negative-going pulsating dc (120 cps) . Voltage divider R50-R51 supplies a 
portion of this pulsating dc through C27 to the base of Q7; thus, the base is reverse 
biased . 

4-33. FIRING, A point is reached during each cycle of the 120-cps pulsating dc 
(each half cycle of the 60-cps ac input) when the reverse bias on the base and the 
forward bias (capacitor C25) on the emitter of Q7 are equal, and therefore 07 has 
zero bios. As the ramp voltage across C25 goes more negative than the base volt- 
age, the base-emitter junction of Q7 begins to become forward biased. When the 
emitter is more negative than the base by approximately 0.5 volts, Q7 conducts. 

The firing point of 07 is therefore determined by both the dc output error and the 
line voltage change. Because Q7 saturates wheti it conducts, the collector voltage 
approximates a rectangular wave with a negative going pulse width of approximately 
20 microseconds (detonnined by C27 and R51). The conduction of 07 charges C25 
in the positive direction (clamped by CR49) . When Q7 stops conducting, the ramp 
across C25 begins . gain. However, Q7 is held cut-off by the charge on C27. 

4-34. INITIAL CONDITIONS. At the beginning of each cycle of the 120-cps pulsat- 
ing dc, certain initial conditions must bo established on capacitors C25 and C27. 
When the negative-going pulsating dc is at the end of Its cycle (C27 negatively 
charged earlier in the cycle by the feedback voltage), CR44 and CR45 become forward 
biased and current flows from the 35-vdc bias through R52, CR46. and CR44 to dis- 
charge C27 to approximately zero volts and through R52, CR4b, and CR45 to charge 
C25 to approximately 0.7 volts (clamped by CR49). This disch.irge and charge 
occurs rapi<ily, so that it Is completed before the next cycle begins and Q7 can con- 
duct again. Diode CR47 provides another p.ith for the current through CR44 so that 
the voltage to which C27 discharges remains predictable. As the negative-going 
pulsating dc increases in the next cycle, CR44 and CR45 become reverse biased. 

4-35. BRIDGE RECTIFIER. At the zero cross-over region of the voltiige waveform 
on secondary winding 3-4 of transformer T2, the voltage is insufficient to forward 
bias the rectifiers in the bridge. In order to maint.dn definition between 'he end of 
one cycle of the rectified output .ind the beginning of the next cycle, diode CR41 
provides approximately t),7 volts at the rectified output. The current for CR41 is 
supplied through CR45. As the voltage across the secondary winding moves aw.iy 
from the zero cross-over region, CR41 becomes reverse biasetl. 

4-36. TRANSIENTS, DECOUPLING AND PROTECTION. Transients in the pulsating 
dc are reduced by R56 and C28. The base of 07 is decoupled by C3 . The voltage 
spike In the collector of Q7, induced by secondary winding 1-2 of transtormer T3 
when Q7 cuts-off, is clamped by CR4B. The collector is decoupled by R53 and C26. 
To protect the power supply and load, thermostat TSl opens the collector circuit of 
07 when the tomper.dure of the SCR heat sinks exceeds BO'^C. 



4-37. SCR REGULATOR 



4-38. GENERAL. The SCR regulator {CR17 and CR18) controls the ac input voltage 
and current to main power transformer T1 in response to the voltage and current error 
signals. In constant voltage operation, the ac input voltage to T1 is adjusted so 
that the output voltage remains constant with changing loads. In constant current 
operation, the ac input current to T1 is adjusted so that the output current remains 
constant with changing loads and the output voltage is allowed to vary. 

4-39. GATING. Bach half cycle of the ac input, either CR17 or CR18 is forward 
biased. The pulse Induced in secondary windings 5-6 and 7-8 of T3 by the SCR 
control, turns on the SCR that is forvyard biased when the pulse occurs. The other 
SCR Is not affected by the gate pulse because It is reverse biased. A gate pulse 
occurs each half cycle of the ac input, unless the output is open. The timing of 
th -3 gate pulse with respect U the ac input is determined by the error in the dc out- 
put via the loop action. 

4-40. AC INPUT CONTROL. When an SCR is gated on, it conducts until its anode- 
to-cathode voltage goes to approximately zero. Thus, the earlier an SCR is gated 
on, the greater the portion of the ac Input that will be applied to T1 . Because of 
the leakage inductance of T). the conduction of an SCR may extend into the next 
half cycle. The conduction period may be shortened at high outp«'t by the voltage 
across capacitor C13 through C16 being reflected back into the primary. By con- 
trolling the ac input to T1 each half cycle, the average v^lue of tne voltage or 
current at the output of bridge rectifier CR19 through CR21 is adjusted so that dc 
output voltage or current is maintained constant. 

4-41. PROTECTION. Diodes CR50 and CR51 prevent anode Induced reverse gate 
currents from being fed back to the control circuit. Resistors R54 and R55 limit 
current in the SCR gates. 

4-42. BIAS AND REFERENCE CIRCUIT 

1 

4-43. GENERAL. The bias and reference circuit, supplies three voltages (+35, 

+6.0, ana -19.5 vdc) for Internal powei supply operation, and maintains the pro- 
gramming currents constant. The +35 vdc is not regulated. The -19.5 vdc, +6.0 
vdc, and the programming currents are regulated, 

4-44. +35 AND +6.0 VDC. The output of secondary winding 5-6 of transformer T2 
is full-wave rectified by CR30 and CR31 . Capacitors C20 and C21 each charge to 
the peak rectified voltage (voltage doubling) . The +6.0 vdc (with respect to -S) is 
maintained by diodes CR6 and CRH and by zener diode VR4, The +35 vdc Includes 
includes the +6.0 vdc and the voltage across C21 . The +6.0 vdc and the negative 
voltage across C20 provide the unregulated input to the -19.5 vdc regulator, 

4-45. -19.5 VDC. For the -19.5 vdc, transistor QIO is the error detector/ 

amplifier. Zener diode VR3 and diode CR27 provide a reference voltage at the 
emitter of QIO. Voltage di\/idei’ R35-R36 supplies an error voltage to the base of 
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QIO wh^ch amplifies and applies it to the base of series regulator Qll . The base 
drive of Qll adjusts the voltage across Qll as required to compensate for the error 
In the >19,5 vdc. Resistor R37t sets the optimum current through temperature-com- 
pensated Zener diode VR3, Resistor R45 improves the line regulation. Resistor 
R56 reduces power dissipation In Qll . Ca^pacitor C22 stabilizes the loop. 

I \ 

i ' I 

4-46, ’ PROGRAMMING CURRENTS. Bach prooramming current is held constant In a 
similar manner. The voltage across emitter resistors R38 and R40 Is held constant 
by VR3, CR27, c»nd the base-emitter drop of each transistor. Thus, the emitter 
current in each transistor is constant and therefore the collector currents are nearly 
constant. The collector currents of Q5 and Q6 are the constant voltage and constant 
current programming currents, respectively. Resistors R39 and R41 are used for 
trirnming. Resistors R42 and R43 are collector loads. Diode CR28 clamps the 
collector of Q5 to protect against excessive positive voltage (breakdown) which 
might occur If the voltage controls are reduced to zero rapidly (positive dc output 
Voltage would appear at collector) , 



I 



4-7 



Table 5-1. Test Equipment 



Type 


Required 

Characteristics 


, Use 


Recommended 

Model 


Differential Vcltmoter 


Sensitivity: 1 mv 
full scale (min.) 
Input Impedance: 10 
megonms 


Measure regulation 
and dc voltages: 
calibrate meters 


HP 741A 

(See note 1) 

1 


AC Voltmeter 


Accuracy; 2 % 
Sensitivity: 1 mv 
full scale (min.) 


Measure ac'voltages HP 403B 
and ripple 


Variable Voltage 
Transformer 


Range: 90-130 volts Vary and measure 

Equipped with voltmeter ac input voltage 
accurate within 1 volt 




Oscilloscope 


Sensitivity: 5mv/cm 
(min.) 

Differential Input 


Measure ripple and 
transient response 


HP 130C 


Battery 


18 vdc 


Measure transient 
response 




Switch 


45 -ampere 
capacity 


Transient response: 
Constant current 
load regulation; 




Resistor 


0.4 ohm, ±5%, 1 kw 


1 

Load resistor 


Rex Rheostat 
(See note 2 ) 


Resistor 


1 mi!liohm,45 amperes 
4 tenninals 


Current monitoring 


Any 50 mv, 
50 ampere 
meter shunt 


Resistor 


1, 000 ohms, ±1%, 2 w 
non-inductive 


Measure impedance 




Resistor 


100 ohms, ±5%, 10 w 


Measure Impedance 




Cat>acitor 


500 pfd, 50 vdcw 


Measure Impedance 




Oscillator 


R.mge: 1 cps to 100 kc 
Accuracy: 2 % 

Output: 10 vrms 


Measure impedance 


HP 202C 










Table 5-1, Test Ecpjlpment (cent,) 



Tyi)e 


Required 

Characteristics 


Use 


Recommended 
M od el 


Controlled-temperature 

oven 


Range: 0-50°C 


Measure tempera- 
ture stability 




Resistance box 


Range: 0-3, 600 ohms 
Accuracy: 0.1% plus 
1 ohm 

Make-before-break 

contacts 


Measure program" 
ming coefficients 


H-l.ah 693 lA 



NOTE 1 

A satisfactory substitute for a differential volt- 
meter is to arrange a reference voltage source 
and null aetector as shown in figure 5-1. The 
reference voltage source is adjusted so that the 
voltage difference between the supply being 
measured and the reference voltage will have 
the required resolution for the moi»surement being 
made. The voltage difference will be a function 
of the null detector that is used. For measure- 
ments at the base of transistor 04, a null detect- 
or with input impedance of in megohms or great- 
er is required. Otherwise, satisfactory null 
detectors are: HP 405AR digital voltmeter, HP412A 
dc voltmeter, HP 419A null detector, a dc coupled 
oscilloscope utilizing differential input, or a 50 
mv meter movement with a 100 division scale, A 
2 mv change In voltage will result In a meter de- 
flection of four divisions. 



CAUTION 

Care must be exercised when using an electronic 
null detector in which one input terminal is ground- 
ed to avoid ground loops and circulating currents. 



•t 







NOTE 2 

To obtain 0.4 ohms, connect rheostat across 
output terminals, turn front-panel CURRENT con- 
trols fully clockwise (maximum), adjust front- 
panel VOLTAGE controls for 18 vdc and adjust 
rheostat until output current Is 45 amperes. Use 
fan to cool rheostat. 




REFERENCL 

VOLTAGE 

SOURCE 
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SECTION V 



MAINTENANCE 



5-1 , GENERAL 

5-2, Table 5-1 lists the type of test equipment, Its required characteristics, its 
use, and a recommended model for performing the Instructions given In this section 
Upon receipt of the power supply, the performance check (para, 5-7) should be 
made. This check Is suitable for incoming inspection. Additional specification 
checks are given in paragraphs 5-24 through 5-36. If a fault Is detected in the 
power supply while making the performance check or during normal operation, pro- 
ceed to the troubleshooting procedures (para, 5-39). After troubleshooting and re- 
pair (para. 5-50), perform any necessary adjustments and calibrations (para. 5-51). 
Before returning the power supply to normal operation, repeat the performance check 
to ensure that the fault has been properly corrected and that no other faults exist. 
Before doing any maintenance checks, turn-on power supply, allow a half-hour 
warm-up, and read the measurement techniques (para, 5-3). 

5-3. MEASUREMENT TECHNIQUES 

5-4. A measurement made across the load includes the effect of the impedance of 
the lead^ connecting the load; these lea«^s can have an impedance several orders ot 
magnitude greater than the output impedonce of the power supply. When measuring 
the output voltage of the power supply, use the -S and +S terminals. 

I 

i 

5-5. For output current measurements, the current monitoring resistor should be 
a four-t||rmlnal resistor. The four terminals are connected as shown in figure 5-2. 
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5-6. When using an oscilloscope, ground one terminal ot the power supply and 
ground the case at the same ground point. Make certain that the case is not also 
grounded by some other means (power line) . Connect both oscilloscope input leads 
to the power supply ground terminal and check that the oscilloscope is not exhibit- 
ing a ripple or transient due to ground loops, pick-up, or other means. 
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5-7. 



PERFORMANCE CHECK 



5-8. GENERAL 

5-9. The perfoitnonce check is mode using a 115-volt. 60-cps, single-phase in- 
put power source. The performance check is normally made at a constant ambient 
room temperature. The temperature range specification can be verified by doing the 
performance check at a controlled temperature of 0°C and at a controlled tempera- 
ture of 50°C. If the correct result Is not obtained for a particular check, do not 
adjust any controls; proceed to troubleshooting (para. 5-39). 

5-10. RATED OUTPUT AND METER ACCURACY 

5-11. CONSTANT VOLTAGE. Proceed as follows; 

a. Connect the 0.4-ohm load resistor across the output terminals and the 
differential voltmeter across the -S and +S terminals. 

b. Turn front-panel CURRENT controls fully clockwise (maximum). 

c. Turn front-panel VOLTAGE controls until front-panel voltmeter indicates 
18.0 vdc. 

d. The differential voltmeter should indicate 18.0 ±0.36 vdc. 
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FIGURE 5-J CONSTANT CURRENT TEST-SETUP 
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d. Connect the resistance box in place of R41 (shunt) 





5-l.Z. CONSTANT CURRENT. Proceed as follows: 



a. Connect test setup shown In figure 5-3 . 

b. Turn front-panel VOLTAGE controls fully clockwise (maximum). 

c. Turn front-panel CURRENT controls until front-panel ammeter indicates 
45.0 amperes. 

d. The differential voltmeter should Indicate 45 ±0.9 mvdc. 

5-13. LINE REGULATION 

5-14. CONSTANT VOLTAGE. Proceed as follows: 

a. Connect the 0.4-ohm load resistor across the output terminals and the 
differential voltmeter across the -S and +S terminals. 

b. Turn front-panel CURRENT controls fully clockwise (maximum). 

c. Connect the variable voltage transformer between the input power source 
and the power supply power input. Adjust the variable voltage transformer to 105 
vac. 



d. Turn front-panel VOLTAGE controls until the differential voltmeter Indi- 
cates 18.0 vdc. 

e. Adjust the variable voltage transformer to 125 vac. 

f. Differential voltmeter indication shouid change by less than 18 mvdc. 
5-15. CONSTANT CURRENT. Proceed as follows; 

a. Connect test setup shown in figure 5-3. 

b. Turn front-panel VOLTAGE controls fully clockwise (maximum) . 

I 

c. Connect the variable voltage transformer between the input power source 
and the power supply power input. Adjust the variable voltage transformer to 105 
vac. 



d. Turn front-panel CURRENT controls until front-panel ammeter indicates 
45 amperes. 

e. Record voltage indicated on differential voltmeter 

f. Adjust the variable voltage transformer to 125 vac. 

g. Differential voltmeter indication should change by less than 0.45 mvdc. 
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5-16, LOAD REGULATION 



5-17, CONSTANT VOLTAGE. Proceed as follows: 

a. Connect the 0.4-ohm load resistor across the output terminals and the 
differential voltmeter across the -S and +S terminals. 

b. Turn front-panel CURRENT controls fully clockwise (maximum). 

c. Turn the front-panel VOLTAGE controls until front-panel ammeter indi- 
cates 45 amperes. 

d. Record voltage indicated on differential voltmeter. 

e. Disconnect load resistor. 

f. Differential voltmeter Indication should change by less than 36 mvdc. 
5-18. CONSTANT CURRENT. Proceed as follows: 

a. Connect test setup shown in figure 5-3. 

b. Turn front-panel VOLTAGE controls fully clockwise (maximum) . 

c. Turn front-panel CURRENT controls until front-panel ammeter indicates 
45 amperes. 

d. Record voltage indicated on differential voltmeter. 

e. Close the shorting switch. 

f. Differential voltmeter indication should change by less than 0.45 mvdc 
5-19. RIPPLE AND NOISE 

5-20. Proceed as follows: 

a. Connect the 0.4 -ohm load resistor across the output terminals and the 
ac voltmeter across the -S and fS terminals. 

b. Turn front-panel CURRENT controls fully clockwise (maximum). 

c. Connect the variable voltage transformer between the inpr* power sour 
and the power supply power input. Adjust the variable voltage transformer to 125 
vac. 



d. Turn front-panel VOLTAGE controls until front-panel ammeter indicates 
45 amperes. 

e. The ac voltmeter should indicate less than 36 mvrms. 
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5-21 . TRANSIENT RECOVERY TIME 
5-22, Proceed as follows; 

a. Connect test setup shown In figure 5-4. 

b. Turn front-panel CURRENT controls fully clockwise (maximum) , 

c. Turn front-panel VOLTAGE controls until front-panel ammeter indicates 
45 amperes. 

d. Open and close the switch several times and observe the oscilloscope 
display, 

e. Oscilloscope display should be as shown In figure 5-5. 
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5-Z3. ADDITIONAL SPECIFICATION CHECK 



5-24. TEMPERATURE COEFFICIENT 

5-25. CONSTANT VOLTAGE. Proceed as follows: 

a. Connect the 0.4 -ohm load resistor across the output terminals and the 
differential voltmeter across the -S and +S terminals, 

b. Turn front-panel CURRENT controls fully clockwise (maximum). 

c. Turn front-panel VOLTAGE controls until the differential voltmeter indi- 
cates 18 vdc, 

d. Insert the power supply into the controlled-temperature oven (differen- 
tial voltmeter and load remain outside oven) . Set the temperature to 30°C and allow 
a half-hour warm-up. 

e. Record the differential voltmeter indication, 

f. Raise the temperature to 40°C and allow a half-hour warm-up. 

g. Differential voltmeter indication should change by less than 130 mvdc 
from indication recorded in step e. 

5-26. CONSTANT CURRENT. Proceed as follows: , 

a. Connect test setup shown in figure 5-3, 

b. Turn front-panel VOLTAGE controls fully clockwise (maximum). 

c. Turn front-panel CURRENT contrc .s until the differential voltmeter indi- 
cates 45 mvdc. 

d. Insert the power supply into the controlled-temperature oven (differen- 
tial voltmeter and load remain outside oven) . Set the temperature to 30°C and allow 
a half-hour warm-up. 

e. Record the differential voltmeter indication. 

f. Raise the temperature to 40®C and allow a half-hour warm-up. 

g. Differential voltmeter indication should change by less than 1,35 mvdc 

from indication recorded in step e. ' 

5-27. OUTPUT STABILITY 

5-28. CONSTANT VOLTAGE. Proceed as follows: 
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i a. Connect the 0,4-ohm load resistor across the output terminals and the 
differential voltmeter across the -S and +S terminals, 

b. Turn front-panel CURRENT controls fully clockwise (maximum), 

c. Turn front-panel VOLTAGE controls until the differential voltmeter indi- 
cates 18 vdc, 

d. allow a half-hour warm-up and then record the differential voltmeter in- 
dication, 

0 . After eight hours, the differential voltmeter indication should change by 
less than 39 mvdc from indication recorded In step d, 

5-29. CONSTANT CURRENT. Proceed as follows: 

a. Connect test setup shown in figure 5-3, 

b. Turn front-panel VOLTAGE controls fully clockwise (maximum), 

c. Turn front-panel CURRENT controls until the differential voltmeter indi- 
cates 45 mvdc, 

d. Allow a half-hour warm-up and then record the differential voltmeter 
Indication, 



e. After eight hours, the differential voltmeter indication should change by 
less than 0,45 mvdc, 

5-30, REMOTE PROGRAMMING 

5-31, CONSTANT VOLTAGE , Proceed as follows: 

a. Turn-off power supply and arrange rear terminal strapping pattern for 
constant voltage remote programming as shown in figure 3-4; use the resistance 

box (set to 1,000 ohms) for the remote programming resistance. (Refer to para. 3-17 
through 3-21 .) 

b. Connect the 0,4-ohm load resistor across the output terminals and the 
differential voltmeter across the -S and +S terminals. 

c. Turn front-panel CURRENT controls fully clockwise (maximum), 

d. Turn-on power supply, allow a half-hour warm-up and then record the 
differential voltmeter indication. 

e. Increase the remote programming resistance in 200-ohm steps to 1,800 
ohms; record the differential voltmeter indication at each step. The voltage indi- 
cation should increase 1.0 ±0.0l vdc at each slop. 
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f , Sot tho romoto progrornmlno resistance to Z, 800 ohms and repeat step e 
until the remote programming resistance reaches 3>600 ohms, 

q. Turn-off power supply and reconnect normal strapping pattern (figure 3-2) 
5-32, CONSTANT CUItltCNT. Proceed as follows; 

a. Turn-off power supply and arrange rear terminal strapping pattern for 
constant current remote resistance programming as shown in figure 3-6: use the 
resistance box (sot to 75 ohms) for the remote programming resistance. (Refer to 
para, 3-18 and 3-23 thrf)ugh 3-25.) 

b. Connect test setup shown In figure 5-3. 

c. Turn front-panel VOLTAGE controls fully clockwise (maximum), 

d. Turn-on power supply, allow a half-hour warm-up and then record the 
differential voltmeter indication, 

e. Increase the romoto programming resistance In 5-ohm steps to 100 ohms; 
record the differential voltmotor indication at each step. The voltage indication 
should increase l.Ori-O.l mvdc, 

f. Set the remote programming resistance to 200 ohms and repeat step e 
until the remote protjramming resistance reaches 225 ohms. 

q. Turn-off power supply and reconnect normal strapping pattern (figure 3-2) 
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5-33. OUTPUT IMPEDANCE 
5-34, Proceed as follows: 

I 

a. Connect test setup shown In figure 5-6. 

b. Turn front-panel CURRENT controls fully clockwise (maximum) . 

c. Turn front-panel VOLTAGE controls until front-panel voltmeter indicates 

9 vdc . 

d. Adjust the oscillator for a 10-vrms (Ein); 0.5-cps output. 

e. Calculate and record the output impedance using the following formula: 

^out ~ ^o^/^'^in’^o^ 

, R = 1,000 ohms; Eo measured across power supply -S and +S terminals using 

ac voltmeter; Ein measured across oscillator output terminals using the ac 
voltmeter. 

f. Using the formula given In step e, calculate and record the output imped- 
ance for oscillator frequencies of 100 cps, 1 kc, and 100 kc. 

g. The output Impedance calculated and recorded in steps e and f should 
fall into the following ranges: 

■ (1) dc to 0.5 cps; less than 0.002 ohm 

I 

(2) 0.5 cps to 100 cps; less than 0.2 ohm 

(3) 100 cps to 1 kc; less than 0.1 ohm 

(4) 1 kc to 100 kc; less than 0.6 ohm 
5-35. OUTPUT INDUCTANCE 

I 

5-36. Proceed as follows: 

a. Repeat steps a through c of para. 5-34. 

b. Adjust the oscillator for a 10-vrms (Ein), 10-kc output. 

c. Calculate and record the output inductance using the following formula; 

L = Xi/Zrff 
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Xi is the output Impedance (Zout) calculated In steps e and f of 
paragraph 5-34; f is the frequency of the oscillator (determines 
which Zout is used) . 



NOTE 

The equation assumes tha Xj»Rout therefore 

d. Using the formula given.in step c, calculate and record the output indue 
tance for oscillator frequencies of 50 kc and 100 kc at 10 vrms. 

e. The output inductance calculated in steps c and d should not exceed 
1 .0 microhenry. 

5-37. COVER REMOVAL 

5-38. The top and bottom covers are removed by removing both sets of six 
attaching screws . 

5-39. TROUBLESHOOTING 

5-40. GENERAL 

5-41. If a fault in the power supply is suspected, remove the covers (para. 5-38) 
and visually inspect for broken connections, burned components, etc If the fault 
is not detected visually, proceed to trouble analysis (para. 5-42), If the fault is 
detected visually or via trouble analysis, correct it and then do the performance 
check (para. 5-7). If a part is replaced, refer to repair and replacement (para 5-50) 
and to adjustments ond calibrations (para. 5-51), 

5-42. TROUBLE ANALYSIS 

5-43. GENERAL. Before attempting trouble analysis, a good understanding of the 
principles of operation should be acquired by reading Section IV of this manual. 

Once the principles of operation are understood, logical application of this know- 
ledge in conjunction with signifii. int waveforms (on figure 4-2) and with normal 
voltage Information (table 5-2) should suffice to isolate a fault to a part or small 
group of parts. As additional aids, the following are given: 

a. Procedure for checking the bias and reference circuit. (Refer to para. 
5-45.) Trouble in this circuit could show'up in many ways because it supplies 
internal operating voltages for the power supply and ihe programming currents. 

b. Procedures for checking the voltage feedback loop for the two most 
common troubles; high or low output voltage (para, 5-46 or 5-47, respectively). 

c. Paragraph 5-48 which discusses common troubles. 
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5-44. A defective part should be replaced (refer to the parts list in Section VI). 
Test points called out in the procedures are identified on the schematic diagram 
(figure 4-2) . i 

5-45. BIAS ANL) REFERENCE CIRCUIT. Proceed as follows: 

a. Make an ohmmeter check to be certain that neither the positive nor 
negative terminal is grounded. 

b. Turn front-panel VOLTAGE and CURRENT controls fully clockwise 

(maximum) . ■ ^ 

c. Turn-on power supply (no load connected) .• ' , < 

d. Using the ac voltmeter, check voltage across secondary winding 5-6 of 
transformer T2, If voltage Indication is not 23 ±1.5 vrms, transformer T2 may be ' 
defective. 

' ( 

e. Using the differential voltmeter, proceed as instructed in table 5-3. 
5-46. HIGH OUTPUT VOLTAGE . Proceed as follows: 

a. Turn front-panel CURRENT controls fully clockwise (maximum). 

b. Turn front-panel VOLTAGE controls to mid -position. 

c. Tum-on power supply (no load connected). 

d. Using the ac voltmeter, check voltage across test points ACC and 45. 

If voltage indication is less 'than 1 .0 vdc, CR17 or CR18 may be shorted, 

e. Using the differential voltmeter, check voltage across test points 33 and 
36. If voltage is not 0.8 ±0.12 vdc, check T2, CR39 through CR43, R50, and R51. 

f. Using the differential voltmeter, proceed as instructed in table 5-4. 
5-47. LOV7 OUTPUT VOLTAGE. Proceed as follows: 

J 

a. Turn front-panel CURRENT controls fully clockwise (maximum). 

b. Disconnect anode or cathode of diode CR8. 

c. Turn-on power supply (no load connected). 

d. Turn front -panel VOLTAGE controls clockwise and observe the front - 
panel voltmeter to see if the 18 vdc output can be obtained. If it can, the probable 
cause of the low outpui voltage Is one or more of the following: 
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(!) CRB shorted. 

, I 

(2) 08 shorted . 

(3) QB open. 

(4) OB open. 

(5) R40. R43 open. 

e. If the 18 vdc output cennot be obtained in step d, reconnect diode CRB 
and turn the front-panel VOLTAGE controls to mid-position. 

f. Using the oscilloscope, check the followingi 

(1) Waveform across test points 31 (positive lead)and 33 (wnvefonn on 
figure 4-2), If peak negative voltage is less than 15 volts, Q7, R53, CR48, C25, 
C26. or transformer T3 may be defective. It is also possible that thermostat TSl 
has opened due to excessive heat. 

(2) Ripple waveform across test points 18 (positive lead) and 48 (wave- 
form shown on figute 4-2) . If waveform is correct (except for amplitude), proceed 
to step (3), If waveform is Incorrect, proceed as follows: 

I 

(a) If the ripple waveform is half-wave (60 cps) Instead of full-wave 
(120 cps), either SCR (CR17 or CR18) may b^ open or the applicable gaie circuit for 
the SCR may bo defective. To check the gate circuit, disconnect Ko4 or R55 (as 
applicable) and make an ohmmi.'ter check from the open end of the resistor to test 
point ACC or 45 (as applicable) . If the resistance Is greater than 55 ohms, the gate 
circuit is defective. 

(b) If llie ripple waveform indicates that neither SCR has fired, CR17 
or CRIB may be shorted . 

(c) If there is no ripple waveform, both CR17 and CRIB may be open 
or T1 may be defective. 

g. Using the differential voltmeter, proceed as instructed in table 5-5. 

5-48. COMMON TROUBLES. Table 5-6 gives the symptoms, checks, and probable 
causes for common troubles. The checks should be made using a 115-volt, 60-cps, 
single-phase power Input and the test equipment listed in table 5-1. 

5-49. REPAIR AND REPI.ACEMENT 

5-53. Before servicing etched circuit boards, refer to figure 5-7 . After replacing 
0 remiconductor device, refer to table 5-7 for checks and adjustments that may be 
necessary. If a check indicites a trouble, refer to paragraph 5-39. If an adjust- 
ment is necessary, refer to paragraph 5-51. 
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SERVICING ETCHED CIRCUIT SOARDS 

MxcckbIvl* hwu or pro^huro c.m lift tlic copper strip Irom the (Kiiinl, AvoUl ilaiiupe hy iision a low power 
Koldertn^ Iron (50 waits m.ixiimmi) amt lotlowlnp these hist ructions, ctopper that lifts olf the iKKiid should 
be cemented in place with a cpiick dryinp acetate Iwse cement havim* pmKl electrical insulating properties. 

A break in the copper should he re|Mlredhy solderlni? a short length of tinned copper wire across the break, 

Lise only hifth quality rosin core solder when repairing eichcvl circuit Ihiards, NI-.V|-,K t'Slv I'ASI tv H.ltX, 
After soldering, clean otf any excess flux and coat the repaired area with a hlnh quality electrical varnish 
or lacquer. 

When replacing coiuiHinents with tmiltiple mountini> pins such as tube socki'ts, electrolytic cafMcitors, and 
potentiometers, it will he necess.iry to lift each pin sllphtly, working around the components .several limes 
until it is (ree, 

WAKNIN'fl: If the specific Instructions outlinml in the steps helow reyardint* etchcsl circuit hoards without 
eyelets are not followed, extensive damaye to the etched circuit iKiard will result. 



I, Apply heat ,s|xirlnyly to lead of component to he 
replacetl. If lead of component pas.ses tlirouyh 
an eyelet intheclrctiitUurd, apply he,ii on com- 
ponent side of Ixiard, If lead ofcotii|H»nent iloes 
not piiss ihrouyh an eyelet, apply heat to con- 
tliiictor side of Ixurd, 




2, llelieai .solder 111 vac.int eyelet and quickly in- 
sert a sm.ill awl to cle.m inside ofhole. If hole 
doe.-> not hilve ,m eyelet. Insert awl or a «57 
drill from conduct»>r side of Ixiaid, 



•CONDUCTOR 

SIDE 






3, {lend cle.in tinned le.ids on new fui t and ciire- 
fully Insert tlirouyli eyelets or holes in Inurd. 






•I, Hold |\m ay oust hoard lavold overheatliiy) and 
solder leads, Apply heal to comiHinenl leails on 
correct siile ot Ixurd .is explalticsl in step I, 




In the event that either the circuit Inurd has been datmiyed or the conventional methml is impractical, use 
method shown helow-. This is especially appllc.ihle hir circuit Ixuids without eyelets. 



1. Clip lead ,is shown helow. 




2. HemI protrmliny buds npw.ird, Itend le.id of 
new compom lit .iround pi otriullny le.id. Apply 
solder tisiny ,i p.iir o| |ony no.se pliers as a 
heat sink. 



APPLY - - V 
SOLDER 






This priicedure i.s used in ihe field only as an alternate means iif repuir, It is not usmt within the f.ictory. 



I'iyure .5- 7 , Sio viciiiy Ivictxfil tdrenit ISiurd- 
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5“51. ADTUSTMENTS AND CALIBRATIONS 
5-52. GENERAL 

^ I 

5-53 , Adjustments and calibrations may be required of er performance testing 
(para, 5-7)» acJdltlonol specification testing (para. 5-2^), troubleshooting (para, 
5-39), or repair and replacement (para. 5-50), Test pomts called out In the 
procedures are identified on the schematic diagram (figure 4-2) , If an adjustment 
or calibration cannot be performed, troubleshooting Is required. Table 5-8 sum- 
marizes the adjustments and calibrations. The adjustments and calibrations are 
performed using a 115-volt, 60-cps, single-phase power input to the power supply. 

5-54. METER ZERO 

5-55. Proceed as follows: 

a. Turn-off power supply and allow 2 minutes for all capacitors to dis- 
charge. 

b. Rotate voltmeter zero-set screw (figure 3-1) clockwise until the meter 
pointer Is to the right of zero and moving to the left towards zero. Stop when point- 
er Is on zero. If the pointer overshoots zero, continue rotating clockwise and re- 
peat this step, 

c. When the pointer Is exactly on zero, rotate the zero-set screw counter- 
clockwise approximately 15 degrees to free the screw from the meter suspension. 

If pointer moves, repeat steps a through c. 

d. Repeat steps a through c for the ammeter. 

5-56, VOLTMETER TRACKING 

5-57. Proceed as follows: 

a. Connect the differential voltmeter across the -S and +S terminals, 

b. Turn front-panel VOLTAGE controls until the differential voltmeter Indi- 
cates 18 vdc. 

J ' 

c. Adjust R25 until the' front-panel voltmeter Indicates 18 vdc. 

5-58. AMMETER TRACKING 

5-59. Proceed as follows: 

a. Connect test setup shown in figure 5-3, 

b. Turn front-panel VOLTAGE controls fully clockwise (maximum). 



i 
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c. Turn front-panel CURRENT controls until the differential voltmeter Indi 
cates 44 mvdc. 

d. Adjust R27 until the front-panel ammeter Indicates 44 amperes, 

5-60. CONSTANT VOLTAGE PROGRAMMING CURRENT 

5-61, Proceed as follows: 

a. Connect a 3, 600-ohm, 0,1%, 1/2 w resistor between terminals +S and 
A6 on the rear terminal strip of the power supply. 

b. Disconnect the jumper between terminals A6 and A7. 

c. Connect the resistance box in place of R39fshunt) . 

I 

d. Connect the differential voltmeter between the -fS and -S terminals. 

e. Adjust the resistance box until the differential voltmeter Indicates 18 
±0.09 vdc. 

f. Choose resistor R39 (shunt) equal to the resistance required In step e. 
5-62. ZERC VOLTAGE CUTPUT 

I 

5-63, Proceed as follows: 

a. Connect a jumper between the +S and A7 'nals on the rear terminal 
strip of the power supply. 

b. Connect the differentu') voltmeter between the +S and -S terminals, 

i 

c. Connect the resistance box in place of R6. 

d. Adjust the resistance box so that the voltage Indicated by the differen- 
tial voltmeter is between zero and ±10 mvdc. 

e. Choose resistor R6 equal to the resistance value required in step d. 
5-64 . CONSTANT CURRENT PROGRAMMING CURRENT 

5-65. Proceed as follows: 

I 

a. Connect test setup shown in figure 5-3. 

b. Connect a 225-ohm, 0,1%, l/2w resistor between terminals A2 and A3 
on the rear terminal strip of the power supply. 

c. Disconnect the jumper between terminals A1 and A2. 
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d. Connect the resistance box. in place of R41 (shunt) 

e. Adjust the resistance box until the differential voltmeter Indicates 45 
±4.5 mvdc. 

f. Choose resistor R41 (shunt) equal to the resistance value required in 

step e. 

5-66. ZERO CURRENT OUTPUT 
5-67. Proceed as follows; 

a. Connect test setup shown in figure 5-3. 

b. Connect a jumper between the A1 and A3 terminals on the rear terminal 
strip of the power supply. 

c. Connect the resistance box in place of R20. 

d. Adjust the resistance box until the voltage Indicated by the differential 
voltmeter is between zero and 0.1 mvdc. 

e. Choose resistor R20 equal to the resistance value required in step d. 

NOTE 

If the resistance value required Is less than 
7. 000 ohms or greater than 17, 000 ohms, change 
R46. Replace the original R20, 

5-68. BIAS AND REFERENCE LINE REGULATION 
5-69. Proceed as follows; 

a . Connect the variable voltage transformer between the input power source 
and the power supply power input. Adjust the variable voltage transformer to 105 
vac. 

b. Connect the differential voltmeter between the +S and -S terminals. 

c. Connect the resistance box in place of R45. 

d. Turn front-panel VOLTAGE controls until the differential voltmeter indi- 
cates 18 vdc. 

e. Adjust the va*iable voltage transformer to 125 vac. 
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f. Adjust the resistance box until the voltage Indicated by the differential 
voltmeter is Vidthin 18 mvdc of 18 vdc. 



g. Choose resistor R45 equal to the resistance value required in step f. 



NOTE 

If the resistance value required is less than 20 , 000 
ohms, troubleshooting Is required. Replace the 
original P45. 



5-70. LINE IMBALANCE 
5-?i . Proceed as follows: 

a. Connect the 0,4-ohm load resistor across the output termiftals. 

b. Turn front-panel CURRENT controls fully clockwise (maximum) , 

c. Connect the variable voltage transformer between the input power source 
and the power supply power input. Adjust the variable voltage transformer to 125 vac, 

d. Turn front-panel VOLTAGE controls until front-panel ammeter indicates 
45 amperes. 

e. Connect the oscilloscope across test points 18 and 48. Use internal 

sync. 

f. Connect the resistance box in place of R17. 

g. Adjust the resistance box until the oscilloscope display is similar to the 
waveform for test points 18-48 shown on figure 4-2. 

h. Choose resistor R17 e^al to the resistance value required in step f. 



NOTE 

If the resistance value required is less than 5,000 
ohms, troubleshooting is required. Replace the 
original R17. 
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5“72 . CONSTANT CURRENT LOAD REGULATION 
5-73. Proceed as follows: 

a. Perform steps a through e of para. 5-18. 

b. Place a 10-megohm resistor in place of R44. 

c. Adjust the variable voltage transformer to 125 vac. 

d. Close the shorting switch. 

e. ’'•^fferontial voltmeter indication should change by less than 0.45 mvdc. 
If volta'.e c 1 .age Is greater than 0,45 mvdc, reduce the 10-megohm resistor to 9 
megohn s, set the variable voltage transformer to 105 vac, open the shorting switch 
record the differential voltmeter indication, and repeat steps c and d. Repeat this 
process, re lacing the 10-megohm resistor in 1 -megohm steps until the voltmeter 
change is less than 4,5 mvdc. Changes smaller than 1-megohm may be required 

to obtain the optimum resistance value for R44. Choose resistor R44 equal to the 
optimum resistance value required. 



NOTE 

If the resistance value required is less than 
1 megohm, troubleshooting is required. Re- 
place the original R44 . 
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Table 5-2, Normal Voltage 



From (+) to 


(-) 


Voltage 


Typical 

Peak-to-Peak Values 


-S 


51 


19.5 *1.0 vdc 


0.05 V 


33 


27 


34.1 *1.7 vdc 


1.0 V 


33 


-S 


6.0 *0.3 vdc 


0.1 V 


40 


33 


33 .0 *1 . 7 vdc 


0.6 V 


24 


51 


10.3 *0.6 vdc 


— 


22 


51 


9.7 *0.5 vdc 


— 


21 


51 


9.7 *0.5 vdc 


— 


23 


22 


7.1 *0.7 vdc 


— 


20 


21 


3 . 1 *0 .3 vdc 


— 


39 


38 


0.81 *0.1 vdc 


— 


51 


27 


6.6 *2.0 vdc 


r.o V 


33 


12 


6.0 *0.6 vdc 


— 


26 


27 


0.59 *0.1 vdc 


— 


-S 


25 


10.0 *0.5 vdc 


— 


18 


48 


19.5 *1.0 vdc 


1 .5 V 


14 


19 


0.83 *0.1 vdc 


— 


-S 


A6 


0.04 *0.1 vdc 


— 


-S 


8 


0.45 *0.07 vdc 


— 


10 


-3 


0.06 ±0.1 vdc 


— 


19 


-S 


0.82 *0.1 vdc 


— 


15 


19 


1.14 ±0.2 vdc 


— 


33 


16 


0.74 ±0.1 vdc 




52 


32 


7.0 *1.1 vdc 


— 


33 


36 


0.8 *0 . 1 vdc 


— 


41 


42 


45.0 *2.3 vpp 


— 


28 

33 


33 

38 


66.0 *3 .3 vpp 

14.0 *1.4 vdc 


.... 



NOTE 

These measurements were made with a 115-volt, 
60-cps, single-phase power input: the front-panel 
CURRENT controls fully clockwise (maximum); the 
front-panel VOLTAGE controls set for 18 vdc out- 
put; and the U. 4-ohm load resistoi- across the out- 
put terminals (45 amperes). Differential voltmeter 
HP 74 lA was used for all measurements. 
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Table 5-3. Bias and Reference Circuit Troubleshooting 



Step 


Meter 

Common 


Meter 

Positive 


Normal 

Indication 


If Indication Is not Normal 
Check the Following Parts 


1 


33 


40 


33 *1.7 vdc 


CR31, C21 


2 


-S 


33 


6.2 *0.3 vdc 


CR6, CRH. VR4 


3 


27 


33 


34.1 *1.7 vdc 


CR30. C20 


4 


51 


-S 


19.5 *1.0 vdc 


Qio, on 


5 


51 


24 


10.3 *0.6 vdc 


CR27, VR3 


o 


51 


22 


9 .7 *0 .5 vdc 


R40. R43. 06 


7 


51 


21 


9.7 *0.5 vdc 


R38, R42. 05 



Table 5-4. High Output Voltage Troubleshooting 



Step 


Meter 

Common 


Meter 

Positive 


Response 


Probable Cause 


1 


Emitter of Q4 


29 


<0.5 vdc 


a. 04 shorted 

b. R16 shorted 

c. R15 shorted 


2 


14 


17 


>0.85 vdc 


CR7 open 


3 


14 


33 


<2 vdc 


a. 01 open 

b. 02 shorted 

c. CRl shorted 

d. R2-R8 open 



Table 5-5 . Low Output Voltage Troubleshooting 



Step 


Meter 

Common 


Meter 

Positive 


Response 


Probable Cause 


1 


Emitter of Q4 


29 


>5 vdc 


a. 04 open 

b. R16 open 

c. R15 open 




14 


17 


<c0.4 vdc 


CR7 shorted 




14 


33 


>6 vdc 


a. 01 shorted 

b. 02 open 

c. R2-R8 shorted 
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Table 5-6 . Common Troubles 



Symptom 


Checks and Probable Causes 


Circuit breaker CBl 
trips when power 
supply is turned on. 


Power supply has internal short. Disconnect Collector of 
Q7, turn-on power supply and check voltages (refer to 
table 5-2 or figure 4-2). If CBl trips with 07 disconnect- 
ed, check CR17, CR18, and T3. 


Poor line regulation 
(constant voltage) 


a. Check bias and reference circuit (para. 5-45). 

Refer to paragraph 5-69 for adjustment. 

b. Check line input to SCR regulator control circuit (T2, 
CR39 through CR43, R50. R51). 


Poor load regulation 
(constant voltage) 


a. Check bias and reference circuit (para. 5-45). 

b. Power supply going into current limit. Check constant 
current input circuit. 

c. Constant voltage loop oscillates. Check adjustment 
of R17 (para. 5-71) . 


Poor line and load 
regulation (constant 
current) 


a. Check bias and reference circuit (para. 5-45). Refer 
to paragraph 5-69 for adjustment. 

b. Power supply going into voltage limit. Check constant 
voltage Input circuit, 

c. Constant current loop oscillates. Check adjustment 
of R44 (para . 5-73) . 


High ripple 


a. Check operating setup for ground loops. 

b. If output Is floating (ungrounded) connect 1-pf capaci- 
tor between output and ground (unless particular 
application prohibits this) . 

c. Check pi-section output filter C13 through Cl 7 and LI . 

d. Line imbalance. Check adjustment of R17 (para. 5-70). 


Poor stability 
(constant voltage) 


a. Check bias and reference circuit line regulation .(Refer 
to para. 5-69) . 

b. Noisy programming resistors (R2-R8). 

c. CRl or CR2 leaky. 

d. Rl, R5, R40, R41, or R43 noisy or drifting . 

e. Q1 or 02 defective. 


Poor, stability 
(constant current) 

> 

) 

1 . 


a. Check bias and reference circuit line regulation. 
(Refer to para. 5-69). 

b. Noisy programming resistors (R9-R10) . 

c. R20, R23, R38, R39, or R42 noisy or drifting . 

d. Q8 defective. 
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Table 5-6, Common Troubles (cont.) 



Symptom 


Checks and Probable Causes 


Oscillates 
(constant voltage) 


Check R18, Cl, C4, and adjustment of R1 7 (para , 5-71), 


Oscillates 
(constant current) 


Check C6, C24, R22, and adjustment or R20 (para, 5-66) 
and adiustment of R44 (para, 5-72). 


Output voltage does 
not go to zero. 


Check R6 and R47, (Refer to para, 5-53.) 


Output current does 
not go to zero. 


Check R20 and R46 , (Refer to para. 5-67.) 
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Table 5-7, Checks and Adjustments after Replacement of Semiconductor Devices 



Circuit 

Reference 




Function 


Check 


Adjust 


01 » 02 


Constant voltage differentia] 
amplifier 


Constant voltage line and 
load regulation; transient 
recovery time; ’.ero voltage 
output 


R6. R17 


03 


Turn-on circuit 


Excessive transients at 
turn-on 




04 


Gating Circuit 


Constant voltage/constant 
current line ar\d load regula- 
tion 




05 


C 

r 


’onstant voltage 
trogramming cunent 
egulator 


Constant voltage program- 
ming coefficient 


R38-R39 


06 

‘ 


c 

p 

r 


lonstant Current 
rogramming current 
egulator 


Coristant current program- 
ming coefficient 


R40-R41 


07 ' 


SCR regulator control 


Waveforms (shown in figure 
4-2) 


R51 


08, 09 ^ 


Constant current diffeientlal 
amplifier 


Constant current line and 
load regulation; zero 
current output 


R20. R44 


01 0 


Bias and reference error 
detector/amplifier 


Bias and reference circuit 
line regulation 


R15 

► 


on 


Bios and reference series 
regulator 


Bias and reference circuit 
line regulation 


R45 


CRl, CR2, 
CR28 


Constant voltage protection 


Constant voltage load 
regulation 




CR6, CR9/ 
CRIO, CRM, 

I CR12, CRH,j 
1 CR27, CR46 

! 


Forward bias regulators 


Voltage across each 
diode (0.6 to 0.85 vdc) 
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Table 5-7, Checks and /'idjustments after Replacement of Semiconductor Devices 

(cont.l 



Circuit 

Reference 


Function 


CR17, CR18 


SCR regulator 


CR19, CR20 
CR21, CR22 


Bridge rectifier 


CR23 


Output Protection 


CR26 


Constant current protection 


CR30, CR31 


Full-wave rectifier 

1 


CR39, CR40 
CR41, CR42 
CR43 


Bridge rectifier 


CR5, CR7, 
CRB, CR44, 
CR45, CR47, 
C 18, CR49, 
CR50, CR51, 


Diode switches 


VRl 


Constant voltage program- 
ming protection 


■ VR3 


Voltage reference 


VR4 


Voltage reference 



Check 

Constant voltage load 
regulation 

Voltage across bridge at 
full output (18 vdc) 

Output voltage 

Constant currei.t lino and' 
load regulation 

Rectifier, output (67 vdc) 

Voltage across bridge 
(20-25 peak, full wave) 



Adjust 



Pull output voltage and zero 
output voltage obtainable 
via VOTTAGE controls: volt- 
age regulation at 18 vdc 
output 

Bias and reference circuit 
line regulation 

6.0 vdc line regulation 






Table 5-8. Adjustment and Calibration Summary 




Adjustment or Calibration 


Paragraph 

Reference 


Control Dcvic 


Meter Zero 


5-55 


Meter ' pring 


Voltmeter Tracking 


5-57 


R25 


Ammeter Tracking 


5-59 


R2 7 


Constant Voltage Programming Current 


5-61 


R39 


Zero Voltage Output 


5-63 


R6 


Constant Current Programming Current 


5-6'i 


R41 


Zero Current Output 


5-67 


R20 


Bias and Reference Line Regulation 


5 -69 


R45 


Line Imbalance 


5-71 


R17 



Constant Current Load Regulation 



5-73 



R44 






SECTION VI 
REPLACEABLE PARTS 



6-1 INTRODUCTION 

6-2 This section contains Information for orricnny 
replacement parts. Table 6-<l lists parts In alpha- 
numeric order by reference desltjnators and provides 
ihe following Information: 

a. Reference Designators. Refer to Table G-1, 

b. Description. Refer to Table 6-2 for ab- 
breviations. 

c. Total Quantity (TQ), Given only the first 
time the part number Is listed except In Instruments 
containing many sub-modular assemblies, In which 
case the TQ appears the first time the part number 
Is listed it) each assembly, 

d. Manufacturer’s Tart Number or Type, 

0 . Manutacturer's Pederal Supply Code Num- 
ber. Refer to Table 6-3 for manufacturer’s name and 
address. 

f. Hewlett-Packanl Part Number. 

g. Recommended Spare Parts Quantity (RS) 
for complete maintenance of one instrument during 
one year of Isolated service, 

h. Parts not Identified by a tefcreiice desig- 
nator are listed at the end of Table 6- J under Me- 
chanical and/or Miscellaneous. The former consists 
of parts belonging to and grouper! by individual as- 
semblies; the latter consists of all parts not Iti.- 
medlatrjly associated with an assemely, ’ 

6-3 <>RDERIN6 INFORMATION 

6--1 To order a replacement part, address ortior or 
Inquiry to your local Hewlett-Packard sales office 
(see lists at roar of this manual for addresses). 
Specify the following information for each part: 
Model, complete serial number, and any Option or 
special modification (j) numbers ^f the Instrument; 
Hewlett-Packard part number; circuit reference des- 
ignator- and description. To order a part not listed 
In Table 6-‘l, give a complete description of the 
part. Its function, and its location. 



Table 6-1. Reference Designators 



A = assembly 


n = miscellaneous 


B = blower (fan) 


electronic part 


C = capacitor 


r fuse 


CB = circuit breaker 


J = jack, jumper 


CR = itlode 


K = relay 


D,3 = device, signal- 


1. = Inducto.’" 


Ing (lamp) 


M = meter 



Table 6-1. Reference Designators (Continued) 



P 


= plug 


V 


= vacuum tube, 


Q 


= transistor 




neon bulb. 


R 


= resistor 




photocell, etc. 


S 


= switch 


VR 


= zoncr diode 


T 


= transfo'^mcr 


X 


= socket 


TB 


= terminal block 


X 


= Integrated clr- 


T.S 


= thermal switch 




cult or network 



I 



Table 6-2, Description Abbreviations 



A = emporo 


mfr 


= tnanuf. cturor 


ac = alternating 


mod. 


= modular or 


current 




modified 


assy, = assembly 


mtg 


= mounting 


bd = board 


n 


= nano = 10"^ 


bkt = bracket 


NC 


= normally closed 


OC = deg^'oo 


NO 


= normally open 


Centigrade 


NP 


- nlckol-pl"*f’d 


cd = card 


A 


= ohm 


coef = coefficient 


obd 


= order by 


comp - composition 




description 


CRT = cathode-ray 


on 


= outside 


tube 




diameter 


CT = contor-tappod 


p 


= pico = 1 


tic ~ direct current 


P,c, 


= printed circuit 


DPpT = double pole. 


pot. 


= poU'ntiomoter 


double throw 


P-P 


= poak-to-peak 


DPST = double [)olc. 


ppm 


= parts put 


single throw 




million 


elect = electrolytic 


pvr 


= peak reverse 


oncaps cncapsulatofl 




voltage 


r = farad 


rcct 


= rectifier 


s degree 


rms 


= rod mean 


Paronhclt 




square 


fx<l = fixed 


si 


= silicon 


Ge : germanium 


SPOT 


= single pole. 


II = Henry 




double throw 


Uz = Hertz 


SPST 


= single pole. 


IC = tntogratod 




single throw 


circuit 


SS 


= stnall signal 


ID = inside diameter 


T 


= s low-blow 


tn nd = Incandescent 


tan. 


= lantulum 


k = kilo = 103 


Tl 


= titanium 


m = mint = 10“3 


V 


= volt 


M = mega =10® 


var 


= variable 


P = micro = 10"® 


,ww 


= wlrewound 


met, = metal 


w 


= Walt 
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Table f)-3, Cofh List of Manufacturers 



CODF 

NO. 


MANUr’ACTURF.K ADDRFSS 




CODE 

NO. 


MANUPACTURER ADDRESS 


00629 


r BY Sales Co, , Inc, Jamaica, N, Y, 




07138 


Wostinyhouse Electric Corp. 


00656 


Aerovox Corp, Now Bedford, Mass, 






Electronic Tube Dlv. Elmira, N.Y. 


00853 


Songamo Flectrlc Co. 




07263 


Fairchild Camera an<i Instrument 




S. Carolina Dlv. Pickens, S, C, 






Corj). Semiconductor IHv. 


01121 


Allen Bradley Co. Milwaukee, Wls, 






Mountain View, Calif. 


01255 


Litton Imlustrles, Inc. 




07387 


Birtcher Corf), , The Eos Angeles, C.illf. 




Beverly Hills, Calif, 




07307 


Sylvania Electric Prod. Inc. 


01281 


TRW Semlconiluclors, Inc, 






Sylvanla Electronic Systems 




Urwmiale, Calif, 






Western Div. Mountain View, Calif, 


01295 


Texas Instruments, Inc. 




077 16 


IRC Dfv, of TRW Inc. Burlington Plant 




Somlconductor-Components Dlv, 






Burlington, Iowa 




Dallas, Texas 




07910 


Continental Device Corf). 


01686 


RCL Electronics, Inc. Manchester, N, M. 






H.iwihorne, Calif, 


01930 


Amerock Corp. Rockford, 111. 




07933 


Raytheon Co. Comjjoner.ts Dlv, 


02107 


Sparta Mfg, Co. Dover, Ohio 






Somlcontiucfor 0[)eratlon 


021M 


Perroxcube Corp, Sauyertles, N,Y, 






Mountain View, Calif, 


02606 


Penvval Laboratories Morton Grove, III, 




08484 


Breeze Corf)oratlons, Inc, Union, N. J, 


02660 


Amphenol Corf). Broadview, 111, 




08530 


Reliance Mica Corp, Brooklyn, N.Y. 


02735 


Radio Corp, of America, Solid State 




08717 


Sloan Company, The Sun Valley, Calif, 




and Receiving Tube Div. Somerville, N,J. 




087 30 


Vemalino Products Co. Inc. Wyckoff, N. J. 


03508 


G. n. Semiconductor Products Dept. 




08806 


General Elect. Co, Mlnla- 




Syracuse, N. Y. 






ture Lamp Dof)t, Cleveland, Ohio 


03797 


Eldema Corp, Compton, Calif. 




08863 


Nylomatlc Corp. NorrlsvHle, Pa. 


03877 


Transltron Electronic Corf). 




08919 


RCH Supplv' Co. Vernon, 05)111, 




Wakefield, Mass, 




09021 


Alrco Sfieor Electronic Corn[)onont.s 


03888 


Pyrofilm Resistor Co. Inc. 






Bradford, Pa. 


1 


Cedar Knolls, N. J. 




09182 


‘Hewlett-P.jckard Co. New Jersey Dlv. 


0.1009 


Arrow, Hart ant! Hogetnan Electric Co. 






Berkeley lie liflits, N, J. 




Hartford, Conn. 




092i3 


General Elect. Co. Semiconductor 


04072 


ADC Electronics, Inc. Harbor City, Calif. 






Prod. Dept. Buffalo, N.Y. 


04213 


Caddoll A Burns Mfg, Co, Inc. 




09214 


General Elect. Co. .Semlconduclor 




Mineola, N.Y. 






Prod. Dept. Auburn, N.Y. 


04404 


*llewlett-P.Jck.ml Co. PijloAlto Dlv. 




01)353 


C A K Comf)onents Inc, Newion, Mass, 




Palo Alto, Calif, 




09922 


Purndy Corp. Norwalk, Conn. 


04713 


Motorola Semiconductor Proti, Inc, 




11115 


Wagner Electric Cor[>. 




Phoenix, Arizona 






Tung-,So! Dlv. Bloomfield, N. J. 


05277 


Westingbouso Electric Corp, . 




11236 


GTS of Berne, Inc. Berne, Iiul, 




Semiconiluctor Dept. Younywood, Pa, 




11237 


Chicago Telef)),on»' of Cal. Inc. 


05347 


Ultronix, Inc, Gr<rnd Junction, Colo. 






So. Pasadi.'iia, Calif, 


05820 


Wakefieltl Engr, Inc, Wakefield, Mass. 




11502 


IRt ■ Dlv. of TRW Inc. Boone Plant 


06001 


General Elect. Co, Electronic 






Boone, N.C. 




Capacitor A Battery ro|)t. Irnio, S.C, 




11711 


General Instrument f/orj) 


06004 


Bnsslk Dlv. Stewart-Warner Corf). 






Rectifior Dlv. Newark, N. J. 




Brlfiyef)ort, Conn. 




12136 


Phlladelpida Hainile Co, Inc. 


06486 


IRC Dlv. of TRW Inc. 






Camden, N. J. 




Semiconductor Plant Lynn, Mass. 




12615 


11, S. Terminals, Inc. Cinclnnall, Ohio 


06540 


Amatom Electronic H.irtlware Co. Inc. 




12617 


Hamlin Inc. Like Mills, Wisconsin 




New Rochelle, N.Y, 




1269/ 


Clarostat Mfy, Co. Inc. Dv)ver, N, H. 


06555 


Beetle Electrical Instrument Co. 




13103 


Thermalloy Co. Dallas, Texas 




Peiuicook, N, H. 




14493 


‘Hewlett-Packard Co. Loveland Div, 


06666 


Genelral Devices Co. Inc. 






' Loveland, Colo. 




InilianaF>oHs, Imt, 




14655 


Cornell-DublHer Electronics Div. 


06751 


.Semcor Dlv, Components, Inc. 






Pefieral Pacific Electric Co. 




Phoenix, Arizona 






Newark, N.J. 


06776 


Robinson Nuyenl, Inc. New Albany, Ind. 




14930 


General Instrument Corp, Semicon- 


06812 


Totrinytoe \ify. Co. , West Div, 




j 


ductor Prod, Group Hicksville, N.Y, 




Van Nuys, Calif. 




15801 


Penwal Elect. Frantnfih.irn, Mass. 


07137 


Transistor Electronics Corp. 




16299 


Corning Glass Works, Electronic 




Minneapolis, Minn. 






Componems Dlv, Raloluh, N.C. 



*Uso Code 2f3-)80 assigned to Hewlett-Packard Co. , Pa?o Alto, California 
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Tablr 6-3, Code List of Mamjfncturors (Continuod) 



CODE 






CODE 






NO. 


MANUFACTURER ADDRESS 




NO. 


MANUPACTURER 


ADDRESS 


16758 


Doleo Radio Dlv. of Coneral Motors Corp. 






Amperlte Co. Inc. 


Union City, N.J. 




Kokomo, Ind. 






Boomer Engrg. Co. 


Fort Washington, P.i. 


17545 


Atlantic Semiconductors, Inc. 




70903 


Bclden Corp. 


Chicago, III. 




Asbury Park, N. J. 




71218 


Dud Radio, Inc, 


Willoughby, Ohio 


17803 


Fairchild Camera and Instrument Corp 




71279 


Cambridge Thermionic Corp, 




Somlconriuctor Dlv. Transducer Plant 








Cambririgo, Mass. 




Mountain "iew, Calif. 




71400 


Dussmann Mfg. Dlv. 


of McGrow fi, 


17870 


Daven Dlv. Thomas A. Edison Imlustries 






Edison Co, 


St, Louis, Mo, 




McGraw-Etiison Co, Orange, N.J. 




H 


CTS Corp, 


Elkhart, Ind, 


18324 


Slrjnotics Corp. Sunnyvale, Calif. 




BUI 


1 I. T. I, Cannon F.locirlc Inc. 


19315 


Dentlix Corp, The Navigation and 








Ix)S Angelos, Calif. 




Control Div, Teterboro, N.J, 




71590 


Globe-Union Inc, 




19701 


Eloctra/Mfriland Corp. 






Centralab Div. 


Milwaukee, Wls. 




Mineral Wells, Texas 




71700 


General Cable Corp. 


Cornlsii 


21520 


Fanstcel Metallurgical Corp. 






Wire Co. Dlv. 


Williams town. Mass. 




No. Chicago, 111. 




71707 


Goto Coll Co, Inc. 


Providence, R. I. 


22229 


Union Carbide Corp. Electronics Dlv. 




71744 


Chtcayo Miniature Uimp V/orks 




Mountain View, Calif, 








Chicago, III. 


22753 


UID Electronics Corp, Hollywood, Fla, 




71785 


Cinch Mfg. Co, and 


Howani 


23936 


Pamotor, Inc. Pampa, Texas 






B, Jones Div. 


Chicago, 111. 


24446 


General Electric Co, Schenectarly, N, Y. 




71984 


Dow Corning Corp. 


Mliiland, Mich. 


24455 


General Electric Co. Lamp Dlv, of Con- 




72136 


Electro Motive Mfg. 


Co. Inc, 




sumer Prorl, Group 




i 




Wtllimantic, Conn. 




Nela Park, Cleveland, Ohio 




72619 


Dlallght Corp. 


Brooklyn, N. Y, 


21655 


General Radio Co, West Concord, Mass. 




72699 


General Inttrumont Corp. Newark, N.J. 


24681 


LTV Electrosystems Inc Memcor/Com- 




72765 


Drake Mfg. Co. 


Harwood Heights, III. 




ponents Operations Huntington, Ind, 




72962 


1. 'astlc Stop Nut Div 


of 


26982 


Dynacool Mfg. Co, Inc. Saugertles, N. Y, 






Amoracc Esn.i Corp 


Union. N.J. 


27014 


National Semiconductor Corp. 




72982 


Eric Tochnoloolcal Productn Inc. Trie, i\i. I 




Santa Clara, Calif 




73096 


Hart Mfg. Co. 


Hartford. Conn. 


28480 


Hewlett-Packard Co, Palo Alto, Calif, 




73138 


Beckman fnstruinents 


Ini i 


28520 


Hoyman Mfg. Co. Kenilworth, N.J. 






Helipot Dlv. 


Fullerton, Calif, 


28875 


IMC Magnetics Corp, 




73108 


Fonwal, Inc. 


Ashlanii. Miiss. 




New Hampshire Dlv. Rochester, N, H. 




73293 


Hughes Aircraft Co. 


Electron 


31514 


SAE Advance Packaging, Inc. 






Dynamics Div, 


Torrance, Calif. 




Santa Ana, Calif. 




73445 


Amperox riectronlc Corp. 1 


31827 


Budwig Mfg, Co, Ramon. i, Calif. 








Hicksvllle, N.Y, 


33173 


G, E. Co. Tube Di?pl, Owensboro, Ky. 




73506 


Dra<iley Somicomiuclor Corn. 1 


35434 


lijctrohm, Inc, Chicago, III. 








New Haven, Conn. 


37942 


P. R, Mallory Co. Inc. 




73559 


Carling Electric, Inc 


Hartford, Conn. 




Indiiinapolis, In<i. 




73734 


PtMleral Screw Profiuct.‘>, Inc, 


42190 


Muter Co. Chicago, 111. 








ChiCiino* Ilh 


43334 


Now Doparturo-Hyatt Bearings Div. 




74193 


Heinomann rioctric Co, Trenton, N, T. 




General Motors Corp. S.indusky, Ohio 




74545 


Hubboll Harvey Inc, 


Rridfjeport, Co^^n, 


44655 


Ohmlte Manufacturing C .Skokie, 111, 




74868 


Amphenol Corp, Amphetrol RE Dlv. 


46384 


Penn Engr, and Mfg, Cotp, 








Danbury, Conn. 




Doylestown, Pa, 




74970 


E. r, Johnson Co, 


Waseca, Minn, 


47904 


Polaroid Corp. Cambridge, Mass. 




75042 


IRC Div, of TRW, Inc 


. Philadeiphi.r, Pa, 


49956 


Raytheon Co, oxington. Mass, 




75181 


*Hovv,jr<l R, Jones Div, of CincI) 1 


55025 


Simpson Electn Co, Div. of Americ.in 






Mfg. Corp. 


New York, N. Y, 




Cage and Machine Co. Chicago, III, 




75376 


Kurz and Kascli, Inc, 


Dayton, Ohio 


56289 


Sprague Electric Co, North Adams, Mass. 




75382 


Kllka Eli'ctric Corp, 


Ml. Vernon, N.Y. 


58474 


Superior Electric Co. Bristol, Conn. 




75915 


Littlofuse, Inc. 


Dc's Plaines, III, 


58849 


Syntrcii Div, of EMC Corp. 




76381 


Minnesota Mining art 


i Mfg. Co. 




Homer City, P.i, 








St. Paul, Minn. 


59730 


Thomas .ind Betts Co, I’hllailelphl.i, Pa. 




76385 


Minor Rubber Co. Inc. Bloomfield, N.J. 


61637 , 


Union Carbide Corp. Now York, N. Y. 




76487 


James Millon Mfg. Co, fne. 


63743 


Ward leonard Electric Co, 








M (Uien, Mass. 




Mt. Vernon, N. Y. 




76493 


J.W'. Miller Co. 


Compton, Calif. 



'*Uso Code 71783 osslcjiiod to Clncli Mftj, Co., Chicago, IH. 
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Tabic 6-3. Code List of Manufacturers (Continued) 



CODL 

fjO. MANUFACTURER 



ADDRESS 



CODE 

t^ro. MANUFACTURER 



ADDRESS 



Cinch City of Industry, Calif, 

Oak Mfg. Co. Div, of Oak 
Eleclro/Netics Corp, Crystal Uiko, III. 
77068 Dondix Corp,, Electrodynamics Div. 

No. Hollywood, Calif. 
77122 Palnut Co. Mountainside, N. J, 

77147 Patton-MacGuyer Co, Providence. R, I. 
77221 Phaostron Instrument and Electronic Co, 

South Pasadena, Calif, 
77252 Philadelphia Steel and Wire Corp, 

Philadolpliia, Pa. 

77342 American Machine a .d Foundry Co, 

Potter and Brumfield Div. Princeton, Ind 
TRW Electronic Components Div, 

Camden, N. I, 
Resistance Products Co, Harrisburg, Pa 
Illinois Tool Works Inc. Shakeproof Div, 

Elgin, 111, 

Everlock Chicago, Inc, Chicago, III, 
Stackpole Carbon Co. St. Marys, Pa 
Stanwyck Winding Div. San Fernando 
Electric! Mfg. Co. Inc, Newburgh, N, V 
Tiiinerman Prorlucts, Inc. Cleveland, O >io 
Stewart Stamping Corp. Yonkers, N. Y 
Waldos Kohlnoor, Inc, L. 1. C. , N. Y 
W'hitchoad Metals Inc, Now York, N. Y. 

Continental-Wirt Electronics Corp. 

PhiladelphI j. Pa. 
Ziorick Mfg. Co, Mt. Klsco, N. Y, 

Mepco D,/, of Sessions Clock Co. 

Morristown, N, J. 
Bourns, Inc. Riverside, Calif, 

Howard Industries Div, of Msl Ind. Inc. 

Racine, Wise, 
Crayhill, Inc. l a Grange, III, 

International Rectifier Corp. 

El .Segundo, Calif. 
Cobnnbus Electronics Covp, Yt.nkcrs, N.Y, 
Goodyear Sundries f, Mechanlcu Co. Inc, 

New York, N. Y. 

Alrco Speer Electronic Components 

Du Bois, Pa. 

Sylvania Eleruic Products Inc, 

Elo,ctroi.ic Tube Div. Receiving 
Tube Operations Emporium, Pa. 

Swltchcrnfr, Inc. Chicago, HI, 

Metals an<l Controls Inc, Control 
Products Group Attleboro, nlass. 

Research Products Corp. Madison, Wis. 
Rotron Inc. VVoodstock, N. Y, 

Vector Electronic Co. Glendale, Calif. 

Carr Fastener Co. Cambridge, Mass. 

Victory Englr.ocring Corp, 

Springfiehl, N.J. 
Bondi.x Corp. Electric Power Div. 

Eatontown, N.J. 
Herman If, Smith, Inc. Brooklyn, N.Y. 
Central Screw Co. Chicago, 111, 

Cavitt Wire and Cable Div, of 
Amcracc Esna Corp. Brookfield, Mess. 



B'1222 

‘J5263 

95354 

95712 



9H291 

9841'', 

98978 



Cront Pulley and Hardware Co, 

West Nyack, N, Y. 
Burroughs Corp, Electronic 



Ogallalo, Neb. 



Components Div. Plainfield, N.J. 

U, S. Radlu:.. Corp, Morristown, N.J, 

Yardeny Uiboratorios, Inc. 

Now York, N. Y. 
Arco Electronics, Inc, G-oat Nock, N.Y. 

TRW Capacitor Div. Ogallalo, Neb. 

RCA Corp. Electronic Components 

Harrison, N.J, 

Rummel Fibre Co. Newark, N.J. 

Marco & Oak Industries n Div, of Oak 
Eloctro/netlcs Corp. Anaheim, Calif. 

Phllco Corp. Lansdalo Div. Lonsdale, Pa. 
Stockwell Rubber Co. Inc. 

Philadelphia, Pa, 
Tower-Olschon Corp. Bridgeport, Conn, 
Cutler-Hammer Inc, Power Distribution 
and Control Div. Lincoln Plant , 

Lincoln, HI, 

Litton Precision Products Inc, USECO 
Div. Litton Industries Van Nuys, Call!, 
Gulton Industries Inc. Metuchen, N. |, 

United-Car Inc. Chicago, HI. 

MlUor Dial and Nameplate Co. 

El Monte, C.illf, 
Radio Materials Co. Chicago, III, 

Augat, Inc. Attleboro, Mass, 

Dale Electronics, Inc. Columbus, Neb. 
Eleo Corp. Willow Grove, Pa, 

Honeywell Inc. Div. Micro Switch 

‘Freeport, HI. 

Whitso, Inc, Schiller Pk. , III. 

.Sylvan! , Electric Prod. Ini Semi- 
conductor Prod. Div. Woburn, Mass. 
Ecsev "ire Corp. St' meo 
Co ol,-; r-lv. , Vansfield, Ohio 

Raytlioon Or, Components Div, 

Ind. Components Op-'r, Quincy, Mass, 
Wagner Electric Corp. 

Tung-.Sol Div. Livingston, N, J, 

Soutiico Inc, Lester, Pa. 

leocraft Mfg. Co, Inc. L.I,C., N.Y, 
Methode Mfg. Co. Rolling Moailows, 111. 
Bendix Corp, Microwave 
Devices Div. Pranklln, Ind. 

Weel tsstr Co. Inc. Chicago, III, 

Amphenol Corp. Amplit.'nol 
Controls Div. Janesville, Wl.s. 

Industrial Retaining Ring Co. 

Irvington, N, J. 

IMC Niagnetics Corp. Eastern Div. 

Westbury, N.Y. 
Sealoctro Corp. Mamaroneck, N.Y. 

Inc. Cleveland, Ohio 

International Electronic Research Corp, 

Burbank, Calif. 
Renbrandt, Inc. Boston, Mass. 



Chicago, III, 
Attleboro, Mass, 
Columbus, Neb. 
Willow Grove, Pa, 








‘Table 6-<5. Replaceable Parts 



REF. 

DESIC. 


DE.SCRIPTION 


TQ 


MFR. PART NO. 


MFR. 

CODE 


•H 

PART NO. 


RS 


BI 


Fiin Motor, Sh,i(io(i Pole 


1 




09182 


3140-0010 




Cl 


fxri, (»lo(;t 5)if f)5V'ic 


m 


D33689 


09182 


0180-1836 


1 


C2 


fxti, elect 100|if f,V<ic 


■1 


30D107C006DB4 


56289 


0180-1734 


1 


C3 


fxrl, film . 0022|if 200V(lc 


1 


192P22292 


56289 


0160-0154 


1 


C4-6 


fxd, elect 5|.f 65Vdc 




D33689 


09182 


0180-1836 




07,10,19,23 


NOT ASSIGNED 


- 


- 








C8 


fxil. film . 01, if 200V(lc 


1 


192P10392 


56289 


0160-0161 


1 


C9,10 


fxil, paper . 047, if OOOVOc 




160P47396 


56289 


0160-0005 


1 


Cll 


fx<l, paper . 47, if GOOVdc 




161P47406 


56289 


0160-2464 


1 


C12 


fxd, paper 0. l,if 400Vtlc 




160P10494 


56289 


0160-0013 


1 


C13-17 


fxii, elect 71000,if 25V'(c 




36D713G''’5DF6B 


56289 


0180-1843 


1 


C20,21 


fxfi, elect 300,if 40Vt)c 




34D307f ■40GJ4 


56289 


0180-1805 


1 


C22 


fxd, elect l,if 35V(lc 




150D105X9036A2 


56289 


0180-0291 


1 


C24 


fxd, elect 10,if 25Vtic 




30D106G025BB2 


56289 


0180-0059 


1 


C25 


fxd, elect l,if 35V<ic 




150D105X9036A2 


56289 


0180-0291 




C26,27 


fxd, film . 082, if 200Vdc 


2 


192P82392 


56289 


0160-0167 


1 


C28 


fxd, film . 22,if BOVdc 


1 


192P2249R8 


56289 


0160-2453 


1 


C29 


NOT USED 


- 


- 


- 


- 


- 


CBl 


Cir .utt Breaker 20 Amp 250VacMax 


1 


AM 33 Curve 4 obd 


74/93 

j 


2110-0212 


1 


CRl 


Dictle, si. 200PRV 250mW 


15 


1N485B 


93332 


1901-0033 


7 


CR2-4,13,15, 














16,24,25. 














29,32-30 


NOT ASSIGNED 


- 


- 






1 » 


CR5 


Dioile, St. 200PRV 250mW 




1N485B 


93332 


1901-0033 




CR6 


Roct, si. 200mA 15PRV 


11 


1N4828 


03508 


1901 -0461 


7 


CR7,B 


Diode, r,i, 20PPHV 250mW 




1N485B 


93332 


1901-0033 




CR9,10 


Red. si. 200mA 15PRV 




1N482H 


03508 


1901-046) 




CRll 


Diode, ;;i. 200PRV 250mW 




1N48SB 


93332 


1901-0033 




CR12 


Rect. si, 200mA 15PRV 




1N4828 


03508 


1901-0461 




CRH 


Red. Ki. 300mA 15PRV 




1N4B2B 


03508 


1901-0461 




CR17,1B 


SCR 25A 200l'RV 




C30B Obd 


03508 


1884-0017 


2 


CR19,20 


Rect. El, ‘lOA 50PRV 




1N1183A 


16758 


1901-0315 


2 


CR21,22 


Rect. si. -lOA 50PRV ' 




IN1183AR 


16758 


1901-0316 


2 


CR23 


Rect. si. 20A lOOPRV 


1 


A41A 


03508 


1901-0324 


1 


CR26 


Diode, SI. 200PRV 250mW 




1N4B')B 


93332 


1901-0033 




CR27 


Roct. si. 200mA ’5PRV 




1N4010 


03508 


1901-0461 




CR28 


Diode, si. 200PRV 250mW 




1N485B 


93332 


1901-0033 




CR30,31 


Roct. Ei. 500mA 20UPRV 


2 


IN32')3 


02735 


1901-0389 


2 


CR39-45 


Diode, si. 200PRV 250mW 




1N40'>B 


93332 


1901-0033 




CR46,47 


Rect. si. 200mA 15PRV 




1N4B20 


03508 


1901-0451 




CR4 . 


Diode. .St. 200PRV 250mW 




lN40jB 


93332 


1901-0033 




CR49-51 


Roct. si. 200mA ISPRV 




1N4028 


''‘3508 


' 1901-0461 




DSl 


Indicator Eiijht, Neon 


1 


599-124 


72765 


1450-0048 


1 


\ 

U 


Choke, Filter 


1 




09182 


9100-1872 


1 


12 


Inductor, Filter 


1 




09182 


9100-211)9 


1 


Ml 


Voltmeter A.s.sy. , 3i”, 0-24 Volts 


1 




09182 


1120-1171 


1 


M2 , 


Ammetei Assy, , 3j", 0-50 Amps 


■ 




09182 


1120-1180 


1 



















REF. 


DESCRIPriON 






MFR. 


DESIG. 


TO 


MFR. PART MO. 


CODE 


01-4 


KS Nl'N Ki. 


■1 


2 M3 391 


03508 


05 


SS NPM R.C, 


1 


2N3390 


03508 


06 


SS NPN si. 




2M3391 


03508 


07 


SS NPN si. 


2 


2M3417 


03508 


08 


S,S MPN si. 




2N3391 


03508 


OO 


SS NPN si. 




2M3391 


03508 


010 


SS PNP si. 


1 


M PS 65 17 ol.d 


04713 


on 


SS NPN .si. 




2M3417 


03508 


R1 


fxd, mot, film 20 Ka il7; 1/8W 


2 


Typo CTA T-O ohd 


07716 


R2 


vor. ww 4, 5Krt i57. 


1 




09182 


R3 


fxd, mot, film 43Knil7 1/8W 


2 


Type CEA T-O oIkI 


07716 


R4 


fxd, mot. film lOOKb il7 1/8W 


2 


Type CEA T-Oohd 


07716 


R5 


fxd, mot. film 12Kn t\7 1/8W 


2 


Typo CEA T-O o6d 


07716 


R6 


fxd, mot. film :iKn ±17 1/8W 


3 


Typo CEA T-O ol>d 


07716 


R7 


fxd. comp 22n ±57 JW . 


1 




01121 


R8 


vnr. ww 200a ±57 


I 




09182 


R9 


v.ir. ww IOa ±57 


1 




09182 


RIO 


vor, ww 300 a ±57 


1 




09182 


Rll 


fxd, comp 3 Ka ±57; IW 


1 


GB-3025 


01121 


R12 


fxd, comp 686K,j ±57 * W 




EB-6845 


01121 


R13 


fxd, mot. film 43K.a ±17 1/8W 




Type CEA T-O o!x! 


07716 


R14,32,49,57 


K6rr ASSIGNED 




- 


- 


R15 


fxd, comp 680K/V ±57 JVV 


mM 


EB-6845 


01121 


R16 


fxd, corni. 1K<> ±57 JVV 




EB-1025 


01121 


R17 


fxd, comp SELECTED ±57 ’,W 




Typr> EB ol'.d 


01121 


R18 


fxd, comp 101^ ±57 JW 




EB-1035 


(>1121 


RIO 


fxd, met. film 100 Ka±17 1/8W 




Typ-? C;r,A T-O ohd 


1)7716 


R20 


fxd, rn.-'t, lilm 12Hi±17 1/BW 




Type CEA T-8> oi.d 


07716 


R21 


fX'l, uw 10 a i57 IW " 


i 


(iR-IOi)5 


01121 


R22 


fxd, comp 201ui ±5/ HV 


1 




i)ll,(l 


R23 


fxd, ww . 01 A Sp.Kdol 20pf)m 


* 




1)9182 


R24 


fxii, m-.'t. Dim 20F.A ±17 1/8W 




Ty[)e CEA T-6) oli-l 


07718 


R25 


v.ir, ww 5K.A (Modify) 


\ 


Type 1 lO-t’4 oi).; 


11238 


R26 


fxti, tiiot. Dim 3 i/5a ±1 ' ,',W 


■■ 


Type CEB T-i ) ol)d 


07/16 


R27 


var. ww 250 a (Modify) 


■■ 


T yt>e 1 1 0-F4 ohd 


11236 


R28 


fxd. ww 4 i>a ±52 48W 


1 


4asV817 MTC olid 


83743 


R20 


fxd. ww 1 a ±5 ' 


1 


Type BWlf of.d 


07/16 


R30 


fxd, comj.' 3 Ka ±57; IW 


2 


EB-3025 


on 21 


R31 


fxd. cornt' 33K/1 ±5 ' *,W 




EB-3335 


01121 


R33 


fx<l, comp IK.I t5/' 'W 




EB-1025 


01121 


R34 


fxd. comp 1017. t5,' HV 




LB- 1035 


01121 


R35,36 


fxd, met. film JK/, ±I'2 1/8W 




Type C:EA T-O ohd 


07718 


R37 


fxd, MK't, film 111, 112 ,|w 




■fy[>e CEB T-O ohd 


0/718 


R38 


fxd, met, film 21wv ±1/ Jw 




Typt? 6,‘EB I'-O ohd 


07718 


R30 


fxd, cornp Sl.r,(':TRD ±57 'W 




Type E.B ofni 


01121 


R40 


fxd. m.'t. film 8. 2K,v ±12 




Typ.' CEB T-O ohd 


07716 


R41 


txd. comp XmUlCTED 452 jw 




Typ.' EB ohd 


01121 


R42 


fxd, 'iii.t. tilm 1, 331L, » 1 2 .jW 


1 


Typ.' CEB T-O ohd 


077 1(. 


R43 ' 


fxd, m.'t, filtii ID, 1 1 2 ’\V 




Typ.' crilB T-(3 uhd, 


0/718 


IM4 


fX',1. .-.omp SRt, 5C rO't 15 2 ' '.V 




Typ.. EB vh.f 


01 121 


R45 


l,xd, , ■•omt> ') 1 Di t i ■ ' \V, 


mm 


[;B-5135 


01 1>1 


R46 


fxd. i-ixtip 15 Ma P, 2 JV/ 


HI 


LB- 1585 


01121 


R47 


fxd, C'irtip IM,. i5,' JVV, 


H 


LB -105 5 


oii,;i 


R48 


fxd, co.-pp 4'3D,dl.1. ■' ;VV’ '3 


1 '■ 


EB-.l 6)7 


01 i.n 


R50 


fxd. i-o'tip ID', 15 ; _'AV ' 


1 ’ 


lb-3025 


on, /I 



k 

{>AKT NO. 



urj/i-oivi 

lHhA~il202 

l»r>4-0007 

KIS4-0371 

1054-0371 

1053-0065 

1854-0087 

0757-0440 

2100-1852 

0608-5000 

0757-0465 

0608-5088 

0757-1003 

068l)-2205 

2100-1856 

2100-1857 

2100-1848 

0680-3025 

0686-U845 

06‘)8-500t) 

0( 86-6845 
0686-1025 

0686-1035 
0757-0485 
0808-5088 
0880-1005 
01.88-2035 
5080-/108 
0757-0440 
2100-1824 
0757-0723 
2100-0430 
081 1-1085 
0811-1688 
0688-3025 
0688-3335 
0888-1025 
0888-1035 
0757-1003 
0757-0338 
0757-0/30 

Ob08-5MO 

i 

I 0808-3134 
I 0757-0338 

j 

' 0 t, 88 -:.l 35 
i 0 (. 88 .- I ) 8 '> 

! 0888-1055 
088 t .-43 35 
0888 - 3021 / 




















REF. 

DESIG, 


DF..SCRIPTION 


TQ 


MFR. PART NO. 


MFR. 

CODE 


PART NO. 


R51 


fx'J, comp IBOa iS'Z *W 


1 


EB-1815 




0686-1815 


R52 


fxrl. mot. ox 3Ka iSV. 2W 


1 


Typo C42S cbtl 




0698-3642 


R53 


(xtl, comp lOK/v iS'/; JW 




EB-1035 


01121 


0686-1035 


R54.55 


fxrl, comt) 47 a JW 


2 


80-4703 


01121 


0686-4703' 


R56 


fxti, comp 3 ‘)a 


1 


EB-390S 


01121 


0686-3905 


R58 


fxrl, comp 33Ka JW 




EB-333S 


01121 


0686-3335 


T1 


Power Tmnr>Iorm<?r 


1 




00182 


9100-1871 


T2 


Birts Transformer 


1 




09182 


9100-1876 


T3 


Pulse Transformer 


1 




09182 


9100-1875 


TSl 


Thermal Switch 


1 




09182 


0440-0042 


VRl 


Zener 23. 7V iSX 400mW 


1 


1N970 


04713 


1902-3256 


VR2 


NOT ASSIGNED 


- 


- 


- 


- 


VR3 


Zener 0. 4V SOOinW 


1 


1N2163A 


06751 


1902-0763 


VR4 


Zener 4. 22V i5% 400mW 


1 


1N749 


04713 


0 

1 

(M 

O 


VR5 


STRAP 


1 




1 






MISCELLANF.OUS PARTS 






/ 

09182 






Chassis, Main, Afohlorl Assy. 


1 




5060-6114 




Chassis, Rear, Welriod Assy, 


1 




09182 


06428-60001 




Cover, Top and Bottom 


2 




09182 


5000-6009 




Front Panel Assy. 

Rubber Bumper, Chassis Connec- 


1 


i 

i 


09182 


06428-<>0002 




tion 


4 


3066 ' 


87585 


0403-0085 




P. C. Board (Includes Components) 


1 




09182 


06428-60020 




P, C. Bo.iril (Blank) 


1 




09182 


5020-5521 




Bracket, P, C, Boanl 


1 




09182 


5900-1.012 




Br.icket, P. C. Board 


1 




091112 


5000-6014 




Clamp (C13-C17) 


4 




09182 


5000-6017 




Bracket, LI 


2 




09182 


06428-00002 




Buss Bar, C13-Cll> 


2 




09182 


06428-00003 




Meat Sink, SCR’s CR17,CR1« 


1 




09182 


5020-5501 




Insulator Wafer, SCR's 


1 


H4021 


1.IS37 


0340-0175 




Ileal Sink, CR10-CR22 


2 




09182 


502U-5502 




Maritlle, Carryinrj, 


2 




09182 


5020-5512 




BarrirM .Strip, AC Input 


1 




09182 


0360-1213 




Barri'M Strip, P. C, Boanl 


1 




09182 


03i.0-l 238 




Barrir'r Strip, Output Tt>rniin.ils 


1 




09182 


0360-1220 




Covi>r, AC Input Barrier Strip 


1 




09182 


5fi20-551 3 




Cover. Outt>ut Term. Barrier Strip 






09182 


f)r>428-20()01 




Jumper, Output Barrier Strip 




f>02J 


75382 


031.0-1 2itit 




Jumper, P. C, B, Barrier Strip 




422-13-ll-OU 


71785 


03(0-1 143 




Rexel, Nb'ter, J MOD 






09182 


4040-0291' 




Stniui), Me tin 


8 




09182 


14(. 0-0251. 




f'.istener, DSl 


1 


C17373-012-24B 


V855 3 


0510-0123 




Birnhin; Post, M.iroon, Front I'.tnel 


1 


nr2iMu 


091 8, > 


1510-0040 




Biiulinij Post, Black. Front Panel 


2 


DF21BC 


58-17-I 


15Dt-0039 




Rubbrn Bumper:;, Re.u C’h.e r i.s 


•1 


Type 2097W 


87585 


0403-00i;9 




Knob, VoUaije and C’uirinil 


■1 




09182 


0370-0034 




F.in Housiruj, Bl 


1 




09182 


5243A-20A 




i’an Bl.ide. Bl 


1 




0’M:i2 


3ll)0-003.| 




Insulator. SCR.in l Rect. He.il Sirrks 


8 




0918 2 


r>340-0l 7 2 




St.utdoff, ln:ntl.rlot. Cl.t-R2l 














1 






) /A1-/V. 























Ow-iv'//- 













































MANUAL CHANGES 



jdel 6428B DC Power Supply i 

M .lual HP Part No. 0642B-90001 

Make all corrections ti. the manual according to errata below, then check the following table for your power 
supply serial number and enter any listed change (s) In the manual. 



1 SERIAL 


MAKE 

CHANGES 


Prefix 


Number 


ALL 




Errata 


6F 


0151 - 0350 


1 


6F 


0351 - 1102 


1,2 


9E 


1103 - 1252 


1,2,3 


9E 


1253 - 1282 


1,2, 3, 4 


9E 


1283 - 1312 


1 through 5 


OH 


1313 - 1379 


1 through 6 


OH 


1380 - 1504 


1 through 7 


1147A 


1505 - 1524 


1 through 6 


1147A 


1525 - 1624 


1 through 9 


U47A 


1625 - 2069 


1 through 1 0 


I621A 


2070 2129 


1 through 1 1 


164 BA 


' 2130 - 21 .4 


1 through 12 * 


1715A 


2150 - 2169 


1 through 1 3 


172U 


2170-2269 


1 through 14 


1B24A 


2290-2349 


1 through IS 


1B34A 


2350-2369 


1-16 


1B36A 


23702479 


1-17 


1909 A 


2480 27S4 


1-18 


3036A 


27S5-2B24 


V19 


2I27A 


2e2Sup 


1-M 



ERRATA: 



Throughout the manual, change Model from ”6428A'' 
to "64283'’ and Rated Output from "18" to "20Vdc." 

In Table 1-1 and In applicable portions of the 
specification checks In Section V, make the fol- 
lowing changes: 

UNE REGULATION: Change "Less than IBmV" to 
"Less than 20mV," 

LOAD REGULATION: Change from "Less than 
36mV" to "Less than 40mV" and "0 to 18Vdc" to 
"0 to 20Vdc." 

RIPPLE AND NOISE: Change from "36mVrms" to 
"40mVrms." 

TEMP. COEFFICIENT: Change from "4mV" to "5mV." 

OUTPUT STABIUTY: Change from "12mV" to 
"ISmV." 

Add to Paragraphs 1-12 and 3-11 "The +, -, and 
CND front-panel banana Jacks may be used for 
loads less than 3 amps and for applications not 
requiring remote programming, remote sensing, 
auto-parallel, auto-serles, and auto-tracklng.” 

In Paragraph 1-10, change voltmeter range from 
"0 to 20" to "0 to 24," Change Puragraph 1-14 
to read "Hewlett-Packard power supplies are 
Identified by a three-part designation. The 
first patt Is the model number, the second part 
Is the manufacturing number/tetter code, and 
the third part 1$ the serial nut^ber. This man- 
ual applies to all Model 64263 power supplies 
with the same manufacturing code given In the 
title page. Change sheets are Included In the 
manual to update It to Model 64288 power sup- 
plies with different manufacturing codes," 



In Figures 3-2 through 3-11, change the - and + 

terminals, located next to the -S and +S termi- 
nals, to A8 and A9, respectively. 

On Figure 3-3, remove the lead attached to (+) ter- 
minal (on the larger barrier strip) and attach it to 
■fS terminal, 

QIC: Change to oS PNP SI. , 2N2907A, 56289, HP 
Part No. 1853-0099, 

Table 1-1. Remote Programming. Constant Cur- 
rent: Change 5 ohms per ampere *10% to 6 ohms 
per ampere *20%. 

Paragraph 3-23: Change 5 ohms per ampere to 6 
ohms per ampere ( 2 places). 

Page 5-15, Paragraph 5-65 should read: 

a. Connect test setup as shown in Figure 5-3. 

b. Connect a 300n, 0.1%, jW resistor between 
terminals A2 and A3 on the rear terminal strip of 
the power supply. 

c. Disconnect the Jumper between terminals A1 
and A1 , 

d. Connect the resistance box in place of R41 
(shunt). 

e. Adjust the resistance box until the differential 
voltmeter Indicates 50 *5mVdc. 

f. Choose resistor R41 (shunt) equal to the re- 
sistance value determined In Step e. 

g. If an O.OOIa, 50 ampere resistor Is not avail- 
able, the front panel meter may be used to In- 
dicate 50 omperes output current ±2% when per- 
forming Sttp e. 

In replaceable parts table, make the following 
change: 

CR17,18: Change to HP Part No. 1884-0058. 

CHANGE 1; 

On the title page, change manufacturing code from 
"6D"to"6r," 

In the replaceable parts table and on the schematic 
(where applicable) make the following changes; 

C6; Shoudl be fxd, elect l^F 35Vdc, 
150D105X9036A2, 56289, HP Part No. OIBC- 
0291. 

C16,19: Add new capacitors C18 and C19. These 
capacitors are same as existing capacitors C9 
and CIO, fxd, paper .047(iF 600Vdc, 160P47396, 
56289, HP Part No. 0160-0005. 

C24; Should be fxd, elect 6BfiF ISVdc, 
150D686X0015R2, 56289, HP Part No. 0180- 
1835. 

CR2, 3: Add diodes CR2, CR3, Rect, SI, 200mA, 
15prv, 09182, HP Part No. 1901-0461. 

R7; Change to fxd. met. film 4,75Kn *1% 1/BW, 
CEA T-0. IRC, HP Part No. 0757-0437. 

R22: Change to fxd, comp 3K *5% JW, EB-3025, 
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A,B. , HP Part No. 0686-3025, 

CHANGE 2: 

In the replaceable parts table, make the fol- 
lowing changes; 

CR9, 10,12; Change to type 1N485B, HP Part No. 
1901-0033. 

L2; Change line choke (RFI filter) to HP Part No. 
9100-2169. 

CHANGE 3: 

In replaceable parts table and on schematic, make 
the following changes: 

R21: Change to 100a. *5%, 2W, HP Part No, 
0698-3620. 

Fan Motor: Change to HP Part No. 3140-0052. 
CHANGE 4; 

In the replaceable parts table and on the schematic 
djagram, make the following change: 

R17: Change from selected value to 8.2kA, jW, 
±5%, HP Part No. 0686-8225. 

CHANGE 5: 

In the replaceable parts table, make the following 
change: 

Handle: Add, HP Part No. 5020-5715. qty. 2, 
Machine Screw, handles; Add, HP Part No. 
2660-0173. Qty. 4. 

CHANGE 6: 

The serial number prefix of the instrument has been 
changed from ”9i;'‘ to "OH." 

In the replaceable parts table, make the following 
change: 

L2, Line Choke: Change to HP Part No. 5080- 
7151. 



CHANGE 7: 

The main P. C.i board, HP Part No, S020-5521, has 
b?en converted to t double sided board. Although 
th^re are no circuit changes, some of the coinpo- 
netu designations have not been Included on the 
boi rd. As a convenient e for the service techni- 
cian, a component location diagram of this board 
is shnwn below. 

In the replaceable parts table under Miscellaneous 
Parts,' change Bezel, Meter i mod, to HP Part No. 
4040-0293. 

I 

The following changes are made to allow the power 
supply to operate with Option 27 (20BVac iriput) or 
Option 28 (230Vac input). 

In the replaceable parts table and on the sche- 
■atic, make the following changes: 

C7: Adder, IpF, 35V, HP Part No, 0180- 
0291, 

Cl 2: Change to . 04 7pr, 600V, HP Part No. 
0160-0005. 

C26: Change to . 22^^T, BOV, HP Part No. 
0160-2453. 

CR24: AddCR24, Diode, Si, 200prv 200mW, 

HP Part No. 1901-0033, 

R3andR13: Change to 47, 5k ±1%, 1/8W, HP 
Part No, 0757-0457, 

R15: Change to I50k±5%, 1/2W, HP Part No. 
0686-1545. 

R21: Change to 39Qa ^5%, 2W, HP Part No. 
0698-3633. 

R32: Add R32, 12k, ±5%, 1/2W, HP Part No. 
0686-1235. 

R49: Add R49, 2k, *5%, 1/2W, HP Part No. 
0686-2025. 

R56: Change to 27Qa *5%, 1/2W, HP Part No. 
0686-2715. 

Tl: Change to HP Part No. 06428-80092. 

C28: Change to Ip r. 200V. HP Part No 0160-2465 
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T2: Change to HP Part No. 9100-2195. 

T3: Change to HP Part No. 5080-7176, 

I 

On the schematic diagram, the wiring of T1 and T2 
and associated parts has been changed as shown 
on diagram. 

On the schematic diagram, make the following 
changes: 

In the SCR Regulator Control Circuit: Remove 
R56 (connected between C26 at the Junction of 
R50, CR41-CR43) and replace with a short cir- 
cuit. Reconnect new R56 (changed to 27Qn) In 
series with the junction of CR41-43 (anodes) 
and the junction of C28, R50, CR44, and CR46. 

In the Constant Voltage Input Circuit: Add C7 
(IpF. 35V) In parallel with RIB. 

In the Constant Current Input Circuit: (1) Remove 
jumper and add R49 (2k) between C5 and R31; 

(2) Remove jumper and add R32 (12k) between 
base of Q8 and R43-A2 junction; (3) add CR24 
between base of Q8 (cathode side) and A4. 

208Vac (Option 27) and 230Vac (Option 2B) opera- 
tion. 

If Option 27 or 28 is instalUd, change all ref- 
erences in the manual from llSVac operation to 
the appropriate line voltage input. 

In Chapter 2. add the following paragraph 2-21. 
CONNECTIONS FOR 208/230 VOLT OPERATION 
(Options 27 and 78, respectively). 

T1 Is rewired as follows; 

Connection between te:mtnals 1 and 3 is re- 
moved. 

Connection between terminals 2 and 5 is re ; 
moved. 

Terminal 2 is connected to termlrial 3. 

I ‘ 

For 208V (Option 27) only, the AC input connection 
to terminal 5 Is removed, and connected to terminal 
4. Ensure that Cl 8 {■*) is connected to terminal 4, ' 
also. 

T2 is rewired; 

The AC Input connection to the "1 15V" t^jrmlnal 
Is removed and connected to the "206V" or 
"230V” terminal wS applicable, i 



ERRATA; 

Iri Table 1-1, substitute the following paragraph for 
the entire Transient Recovery Time Speciflcatic i; 
TRANSIENT RECOVERY TIME: Less than 200 mllll- 
secondo Is required for output voltage recovery to 



cs/ 




within 200 millivolts of the nominal output voltage 
following a load change from full load to half 
load. Excluding the initial spike of approximately 
lOOusec (significant only with load rise times 
faster than 0.1 amp/usec), the transient ampli- 
tude will be less than 0.15 volts/amp for any load 
change between 20% and 100% of rated output cur- 
rent. 

Delete the entire NOTE at the bottom of Page 5-17. 

CHANGE 8: 

The Serial Prefix of this unit has been changed to 

1147A. This is the only change. 

CHANGE 9: 

In the replaceable parts table, change resistor R46 

to 10 Ma± 5%, ivy, HP Part No. 0686-1065. 

On Page 5-16, in Paragraph 5-67, Step i' and the 



NOTE: 

Change the reference to R20 to read ”R6.” 

The standard colors for this Instrument are now 
mint gray (for front and rear panels) and olive gray 
(for all top, bottom, side, and other external sur- 
faces). Option X95 designates use of the former 
color scheme of light gray and blue gray. Option 
ASS designates use of a light gray front panel with 
olive gray used for all other externa) surfaces. 

New part numbers are shown at bottom. 
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In the replaceable parts table, change the HP Art 
No. of pilot lamp DSl to 1 4S 0-05 66. The new pilot 
lamp Is more reliable because its leads are crimped 
instead of being spot welded. 



CHANGE 10: 

In the replaceable parts table and on the scljematlc, 
make the following changes: 

RI6: Change to 91 0/^*5%, I/2W, HP Part No, 0686 - 
9115. 

R59: Add R59 var ww 500a *5%. HP Tart No. 2100- 

0898. , , 

R59 Is added to the Gating Circuit as shown below 
to allow the clamp voltage to be adjusted to prevent ^ 
half-cycle operation. i 




R59 is adjusted In the factory as follows: Measure 
voltage drop across CR9 with supply set for maximum 
current and full rated voltage output at low line. 
Adjust R59 for a forward bias drop across CR9 of 150 
to 200mV, , ' 



ERRATA: 

I 

In Table 1-1 and paragraph 5-33, change the 
Output Impedance specification to read as follows; 
OUTPUT IMPEDANCE (TYPICAL): Approximated 
by a 2 mllllohm resistance in series with a 1 
microhenry Inductance. 

In parts list and on schematic, change value of 
R17 to "factory selected for optimum performance". 
In parts list make the following HP Part No. 
changes; 

CBl; Change to 3105-0035 
CR19, 20: Change to 1901-0317 
CR21, 22: Change to 1901-0318 



Add the following to the "Ordering Additional 
Manuals" paragraph In Section I: "Effective 
December 1975, ex'lU'a manuals may be obtained 
by specifying Option 910 when ordering your instru- 
ment. The number of extra manuals depends upon 
the quantity of Option 910s ordered. " 

CHANGE 1 1 : 

Make the follov^ng changes to the parts list: 

Delete C9, CIO, and Cll. Change CIS and Cl 9 to 
0. 015pF, 250Vac, HP Part No. 0160-3969. Add C30, 

0. 22pF, 250VSC, HP Part No. 0160-4259. Ada C31 
and C32, 0. 0047pF, 4kV, HP Part No. 0160-0543. 

Add resistor R60, IMa, h%, 1/2W, HP Part No. 
0686-1055. Capacitors Cl B, Cl 9, and C30 and 
resistor R60 are physically located on the RFI filter 
aesembly, Electrically, they are connacted as shown 
in the revised schematic of the ac input wiring shown 
below. Capacitors C3I and C32 are mounted on the 
output harrier strip and are connected from the posi- 
tive output terminal to ground and from negative 
output terminal to ground, respectively. Make 
these changes to the schematic in the manual. 

These new capacitors reduce t,he line leakage 
current for better safety and Improve the RFI 
filtering. 




eci 

■ 0 ^ 0 — 



A60 



I 

I 



-o o— ^ 



CHANGE 12: 



In Chapter 2, odd the following paragraph 2-22. 
50Hz AC INPUT (Option 5). For 50Hz operation 
R17 is factory selected as described In paragraph 
5-70 and R59 is factory adjusted as follows: 
\/lthi 5 upply set for full output voltage end cur- 
rent rating at low line, adjust R59 for a forward 
bias across CR9 of ISOmV to 200mV. 



The front panel binding posts have been changed to 
a type with bet’er designed insulation Delete the 
two types of posts listed on page 6-7 and add; 
black binding post, HP Part No. 1510-0107 (qty 1): 
and red binding post, HP Part No. I510-K1091 
flly 2) 





HP PART NO. 


DESCRIPTION 


STANDARD 


OPTION A85 


OPTION X95 


Front Panel, Assembly 


06428-60004 


06428-60002 


4 


Chassis, Main 
Assembly 


5060-7970 


< 


5060-6114 


Cover, Top and 
Bottom (2) 


5000-9E04 


^ 


5000-6009 


Chassis Rear 
Assembly 


06428-60005 


-41 


06428-60001 




r 
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I , CHANGL‘J3: 

Tht three capacitors and one resistor In the revised 
RFl filter circuit shown In Change 1 1 have been re- 
located to a new RFI Assembly circuit board. The 
new circuit board assembly replaces the circuit 
board that was formerly part of the Inductor-filter 
assembly. The capacitors have also been re- 
designated: C18 Is now Cl 01. C19 Is novr Cl 02, 
and C30 Is now Cl 03. With these designations 
changed, the ac Input wiring schematic accom- 
panying Change 11 Is correct. 

In the parts list and on the schematic, change 
Cl 2 In the SCR snubber circuit to 0. 047*1?, 250Vac, 
HP Pert No 0160-4323 Also change the part 
number of the C12/R21 Insulated standoff to 0380- 
0849, (qty 2). 

ERRATA: 

Add three 3/8 32 nylon hex nuts, HP Part No 2950- 
0144. to the parts list These' hex nuts mount the 
new binding posts added by Change 12 
Change the part number of R59 (added to the gating 
c Ircuit by Change 10) to 2100*1772 The resistor 
has not been changed; Just Its part number has. 

Add this note to the end of paragraph 2-17: 

NOTE 

No line cord Is provided with this power supply 
CHANGE 14: 

This change replaces SCR‘s CR17 and CR18 with a 
new type, HP Pert No. 1884 0218, and adds a 
MOV varistor designated RVl across the la d side 
of the line switch The part number of the varistor 
Is 0837-0117 

CHANCE 15: 

Ift the reptsceabte parts list and on the schematic: 
replace CR17, CR18, 855. CR51, and C8 with trlac 
CR52, HP Part No. 1684-0218: change C12 to C33, HP 
Part No. 0160-4323; change R21 to R6l, 390.7, 0.5W, I 
Part No, 0686-3915: change TSl to HP Part No. 0440- 
0079: change T3 to HP Part No, 5080-1914, Replace 
the section of schematic shown below on left with 
the drawing on right. 

■f* cu 

otn 

I ,ir MB, I 




CHANGE 16: 

Only the serial number has changed, 
j CHANGE 17: 

Delete cover barrier strip, HP Part No. 5020- 
5513. Add strain relief, HP Part No. 5060-2791. 
Change zener diode VR3 to 9V, HP Part No. 1902 
0765. Chonge resistor R35 to 2. B7K/ , 1%, HP 
Part No. 0698-3151. Change resistor R37 to 1. 3K 
1/4W, HP Part No. 0757-0735. 



CHANGE 18: 

On page 6-7, change thr HP Part Number for Barrier Strip 
Output Terminals to 0360-1259. 

CHANCE 19: 

In the replaceable parts list and on 
the schematic: change Rl6 to 0207, 5t, 

HP Part No. 0666-8215: change R59 (added 
In Change 10) to lk.7, lOi HP Part No, 
2100-3211; replace Fan Motor and Blade 
with Fsn, tube axial, IIP Part No. 

3160-0056. 

CHANGE 20. 

In th« rtpiKtibIt pant liti, pigt 6-B add 
C34 ,22uF 2S0V HP Pan No. 0160-4259 
On tha Khamaiic initrt C34 on the inboard tide 
ol circuit biaaktr CB1, bttMttn AC and ACC. 

ERRATA; 

In iht rtplactabit parli liit, changt fan (addtd 
in Change 10) to fan ball twaring HP Part No. 

31600369 

^ ERRATA 

On page 3-8, Figure 3-5 delete the connection 

between AS and -rs. 

l-lB-62 




